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CHAPTER 6. KRR~-M MULTIPLEXING EQUIPMENT

[Text] 6.1. General Information

The KRR-M multiplexing equipment is a version of the KRR equipment. It is
installed on the city and suburban telephone network and is designed for
the formation of 30-frequency telephone channels on each connecting cable
pair laid between two automatic telephone exchanges. The equipment permits
not only economical use of the physical circuits of this cable, but it also
insures the required norms with respect to attenuation of the signal on the
local telephone communications networks, The equipment is used to multiplex
the symmetric circuits with MKS cordel-styroflex insulation, and depending
on its capacity (1.4 or 7 quads) it permits organization of 60, 240 or 420
channels respectively. The maximum communications range over the trunks
formed by the KRR-M equipment is 80 km with six repeater sections with an
average length of 13 km each.

The KRR-M equipment is a multichannel high-frequency telephony system with
frequency division of the channels, and it operates as a single~cable, two-
band system containing type A and B offices. The frequency band from 12 to
248 kilohertz is used to transmit the currents of the 30-channel group in
the direction from office A to office B} from office B to office A, the

- 312 to 548 kilohertz band is used, The channels are amplitude-modulated;
the effectively transmitted frequency band is 300 to 3400 hertz. Upper side-
band frequency currents are used for transmission to the line. The lower

- sideband is suppressed during modulation of the phase difference circuit

by no less than 25.2 decibels (2.9 Nepers) by comparison with the usable

sideband. Such comparatively small suppression of the undesirable sideband

currents prevents its use for transmitting currents of the adjacent channel

with respect to spectrum as a result of the possibility of crosstalk between

the channels, Therefore the width of one channel in the KRR-M equipment

cannot be equal to the width of only one frequency sideband (approximately

4 kilohertz), and a frequency range equal to the width of two sidebands,

that is, 8 kilohertz, is allotted in the linear spectrum for each channel.

The channel carrier can be calculated by-the formula Fy=304+8n, where n is

the channel number, and it is equal to 312 kilohertz for the first channel,

320 for the second channel, and so on. The carrier frequency current on

the transmitting side of the current is suppressed by no less than 14.8 deci-

bels (1.7 Nepers) by the balancing converter circuit, and it is regemerated

on the receiving end.
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For transmission of the interaction signals there 1s a segregated signal
channel 100 hertz wide. The average frequency of this channel of 3800 hertz
is called the signal frequency. The current level of the signal channel is
5,22+1.74 decibels (0.6+0.2 Nepers) below the current level of the speaking
channel.

In addition to individual frequency conversion which takes place on the
transmitting and receiving end of each chamnel, the KRR-M equipment also
has a group conversion stage by means of which the frequency spectrum from
312 to 548 kilohertz is converted to the spectrum from 12 to 248 kilohertz
in the group transmission channel of office A and the 12-248 kilohertz
spectrum is converted to 312-548 kilohertz spectrum in the group receiving
. channel of station B. These processes are realized by means of the 550
kilohertz group carrier frequency. After group conversion the channels at
office A are inverted, that is, they are reversed with respect to their
arrangement in the spectrum of office B, The frequency distribution of the
30 channels in the linear spectra of offices A and B is illustrated in
Fig 6.1. The group carrier is not transmitted to the line.
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Figure 6.1. Frequency distribution of 30 channels in the linear
transmission spectra of offices A and B
Key:
1., Amplitude
2. Signal frequency
3, f, kilohertz, N channels

The frequency of 8 kilohertz which 1s used to synchronize the generating
equipment of both offices is transmitted over the group channel in the
A+B direction together with the frequency band of 12-248 kilohertz.

The low-frequency terminals of the talking channel (the tramsmitter inmput
and the receiver output) have a resilstance of 600 ohms; the group channel
junctions have a resistance of 75 ohms, and the wave impedance of the
cable circuit in the operating frequency range of the equipment is
160 ohms.
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- In addition to the MKS cables, the KRR-M equipment can be used for operation
over the TZ type cable with cordel~paper insulation and also for multiplexing
- the trunks of the radio relay systema.l

The multiplexing of the circuits of ordinary paired city telephone cables
with paper insulation (type T cables) by the standard KRR-M equipment, with
the construction of group equipment with respect to the two-band system

and with an upper transuittable frequency of 548 kilohertz, does not appear
to be possible as a result of the high attenuation constant and also
insufficient protection against crosstalk of such cables on frequencies
above 250 kilohertz. For multiplexing such circuits, the terminal group
equipment is altered so that the operation is over a two-cable system with
transmission of one frequency band from 12 to 248 kilohertz in both direc-
tions, and transistorized repeaters with a gain of 21.75 decibels (2.5 nepers)
were used as the intermediate repeaters. These repeaters can be uncontrolled
(NUP [uncontrolled repeater sqations]) and installed in the cable manholes.
This construction of the terminal and intermediate equipment permits multi-
plexing of a large number of type T cables previously laid in the city, and
it does not require that the streets be torn up to lay new cables if the
possibilities of the existing conduits have been exhausted.

It is inexpedient to use the KRR-M type equipment on the long-distance cable
- lines as a result of the wide frequency band allotted for ome chamnnel, The
equipment requires the application of expensive quartz or magnetostrictive
filters having steep attenuation buildup characteristics after the pass band
in the individual channel equipment. These filters suppress the currents
of the frequency sideband not used in the given channel by 50-60 decibels.
This permits the use of this sideband to tramsmit the currents of the
adjacent channel with respect to spectrum, limiting the spectrum of one
channel to a width of 4 kilohertz. This construction of the individual
units of the multiplexing system increases the cost of the terminal equip-
ment, but it also lowers the cost of the intermediate equipment inasmuch
as it does not require frequent installation of intermediate repeater sta-
tions along the communication line as when using the phase-difference system
of suppressing one frequency sideband. The cost of the intermediate repeater
stations is the most significant index of the total cost of the equipment
installed on long main communication lines.

l1the trunk of a radio relay system is a wide-band radio channel which uses

the frequency band and can combine a large number of channels and group

channels formed by any multiplexing equipment. When using the KRR-M

equipment the trunk of the.radio relay system combines two group channels,
_ that is, 60 channels.
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- 6,2, Circuit Diagrams of the KRR-M on the City Telephone Trunks

= The KRR-M equipment is installed on the trunks between the automatic tele-
- phone offices and also between the automatic telephone office and long-
distance office. When organizing a trunk between two automatic offices
the KRR-M equipment can be included in any selection stage between the
IGI [I Group Selector] and the LI [connector] and on the trurk between an
automatic office and a long~distance office, on any selection stage between
= IGIM and LIM.1 The versions of the circuit diagrams of the multiplexing
equipment between the IGI and IIGI selectors are presented in Fig 6.2.
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= Figure 6.2, Various layouts for connecting the automatic offices
of various systems through the KRR equipment channels

Key:
- 1. LI = connector 13, RSLUV ATSK = RSLUV for
2, IGI = 1 group. selector connection to the crossbar
3.. RSLUI = outgoing multiplex trunk system
relay 14. VShK = incoming plug connector
4., XRR-M 15. PKI = outgoing connection
5. SL = trunk 16. PVK = incoming connection
- 6. RSLUV = incoming multiplexed 17. VRD = incoming register
: trunk relay group 18. IRD = outgoing register
7. IIGI = selector 19. RI
- 8., IIIGL = selector . 20. Register
- 9. 1IVGI = selector
10, AI

11. 1IShK = outgoing plug connector
12, RSLUI ATSK = RSLUI for connection to the crussbar system

l[Translator's note: M probably refers to long-distamce GI and LI
respectively.]
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As the matching connector, outgoing and incoming multiplexed trunk relays
are installed: RSLUI and RSLUV for matching with the ten-step equipment,
RSLUI and RSLUV ATSK for matching with the crossbar system and RSLUIM and
RSLUVM (RSLUIM and RSLUVM ATSK) on the trunks comnecting with the long-

3 distance office.

For conmecting two ten-step systems (Fig 6.2a) the outgoing RSLUI is
connected to the IGI selector bank, and the incoming RSLUV is connected to
the IIGI wipers. When connecting two ATSK [crossbar systems] (Fig 6.2b)

the outgoing system is connected to the IGI selector bank, and the incoming

- system is connected to the vertical of the IIGI selector. Figuies 6.2c and d
show the outgoing coupling from the crossbar system to the ten-step system
and from the ten-step system to the crossbar system. In the former case,

the outgoing RSLU [multiplexed trunk relay] is connected to the output of

the outgoing connection PKI, and the incoming relay, to the IIGI selector
wipers of the ten-step system. In the latter case, instead of the outgoing,
the incoming connector PVK is installed on the cross-bar system. The PVK

is connected to the incoming RSLU relay assembly. The PKI and PKV assemblies
together with the outgoing and incoming registers IRD and VRD are needed for
matched operation of the cross-bar system with the ten-step system.

The connections of the automatic offices and the long-distance offices do

not differ theoretically from those presented with the exception of the

fact that instead of the ordinary type GI group selectors, the long-distance
selectors GIM are used, and when organizing the trunk between the selector

and connector the relay assemblies RSLU are connected not to the LI [connector],
but to the LIM [long-distance comnector].

6.3. Composition of the Equipment and the Structural Peculiarities of the
= KRR-M Equipment

The KRR-M equipment includes the terminal and intermediate repeater bays.
The former are called individual-group equipment bays and are made in two
types: SIG-1IM and SIG-30M, and the latter are called intermediate repeater
bays SPU, which, depending on the type of feed, are also made in two types:
SPU-2M with local feed and SPU-2D with remote feed. A S-0,9 ferroresonance
voltage stabilizer is attached to each SIG-1M bay.

The external appearance of the KRR-M equipment bays is presented in Fig 6.3.
In addition to the SIG-IM and the SIG-30M bays, the RSLU frames are installed
in the terminal office. These frames contain plates with the trunk and
differential system relays called the RSLU plates or the RSL-DS plates.

In addition to the enumerated equipment, high-frequency cable boxes are
installed at the terminal and tandem offices: one at the terminal office,
and two at the tandem office. The boxes are made in two types: BM-2 for

the four-quad 4x4 cables and BM-3 for the seven-quad 7x4 cables.

The amount of equipment required depends on the capacity of the multiplexed

cable. When calculating the equipment for the terminal offices we begin
with the fact that three SIG-30M bays can operate jointly with each SIG-1M

6
FOR OFEICIAL.USE.ONLY.. ....

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

- FOR OFFICIAL USE ONLY .

bay. This set of equipment provides for the organization of 120 channels,
for the repeating of which at the tandem office it is necessary to install
- two SPU-2M or SPU-2D bays, for each of them contains two repeater stations
each. One cable pair is run to each repeater station, that is, 30 channels
each. The number of trunk relay frames is selected calculating 20 RSLU -
relay assemblies or 30 RSLU ATSK assemblies for each frame. Fig 6.4 shows
a simplified diagram of the required equipment for multiplexing four cable
- pairs for the case of coupling the KRR-M equipment to the ten-step system.

The SIG~1M and SIG-30M bays are put together as follows.

The SIG-IM bay contains 30-channel transceivers formed on the first cable
pair; the group equipment is common to these 30 channels; the generating
equipment for the 120 channels, that is, for four 30-charnel systems;

120 static relays; electric power supply equipment; common signal, protective
and input devices for the 120 channels.

The SIG-30M bay is auxiliary individual group equipment and it cannot be
used independently without the SIG-1M bay, for there is no generating equip-
ment or other common station equipment in it. The SIG-30M contains only

30 transceivers, the group equipment and power supplies common to them.

The switching of the SIG-IM and ISG-30M bays with the automatic office

assemblies through the RSLU adapter is carried out as follows (see Fig 6.4

and 6.5). From the GI selector bank it goes through three wires a, b, ¢ to

each RSLU relay assembly; hence, after passing through the differential

systems to the SIG-1M or SIG-30M bay it goes through six wires to each

channel: two to transmission, two to reception of the talking channel and

one each to transmission and reception of the signal channel (a ground is

used as the second wire in the signal channel). From each SIG-1M or SIG-30M -
bay it goes to the high-frequency boxes over one pair each of the high-

frequency cable. On passing through the repeater stations (1f they exist), -
in the second terminal office this pair is run to the box in the same way, ’
and hence to the SIG-IM or SIG-30M bays of the office. The difference lies X
only in the fact that whereas at the first terminal office the type A bays -
are installed (SIG-1M-A and SIG-30M-A), at the second terminal office type B

bays are installed (SIG-IM-B and SIG-30M-B), and instead of the RSLUI, the

RSLUV is installed. From the RSLUV assembly it goes through three wires

a, b and ¢ to the group selector wipers of the subsejuent selection stage.

A characteristic feature of the design of the KRR-M equipment is the small
size of the units, universality of their manufacture and simplicity of
replacement. All the equipment 1s placed in the modules and plates and 1is
installed on the bottoms of the bays insulated. from the frame. The wiring
of the bay is placed in the side panels of the frame and in the inside
cavities of the bottom, from which it goes to special five-receptacle blocks
which are fastened to the bottom. These same five-receptacle blocks

- fastened to the face panel are used to terminatethe module installation.

- 7
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For electriczl connection of the module to the bays there are five-pronged
jumpers. Some of the plates are connected by the same jumpers. All of the
modules have shields. Modules of two types and sizes are used in the
equipment: 75x190x246 m3 and 75x93x246 m3, which are installed three
and six each on one tray respectively, In addition, on the SIG-1M bay
there are plate blocks with nonstandard structural form, These are the
static relay and input plates. These plates are connected to each other
and to the outside mounting by wiring leads terminating in the 30-contact
cut-in boxes. The same boxes are used to terminate the bay wiring of the
circuits to which these plates are connected., The generating equipment is
also made in the form of a plate -- the PITGO plate.

The transceiver module is built from printed circuitry and contains minia- -
ture parts. The amplifier, the modulators and the demodulator of the -
module are transistorized. Small eiements are also used in other equipment
junctions: ferrite~core armored inductance coils (0B-12, OB-20), trans-
formers with Sh~type cores (0Sh-0303; OSh-05075; OSh-0707; 0Sh-1215) and
toroidal cores, semiconducting diodes and transistors, and the ULM, SP and
other types of resistors. .

In the group repeater and generating equipment modules, the 6ZhlP, 6P3S
and 6P9 electronic tubes are used.

6.4. Principle of Formation of a Multichannel Signal and Transmission of
It Over the Group Channels of the Terminal Offices -

Each terminal office type A or B contains group and individual equipment

(Fig 6.5). The individual equipment, that is, the equipment of each chanmel,
includes the relay-switching circuitry with differential system (RSLU
assembly), the individual frequency conversion devices (modulator and de-
modulator) placed in the Il transceiver module (the receiver and transmitter
are depicted separately in the figure) and the circuits providing for the
transmission and reception of the control and interaction signals: static
relays on transmission and the PSU control signal receiver on reception of
the signal channel. The individual channel equipment and process of forma-
tion of the multichannel group signal are identical for offices A and B,

and it takes place in the following way. For subscriber talking, the audio-
frequency currents with a level of ~13.05 decibels (-1.5 neper) go from the
automatic office circuits through the RSLU assembly to the channel input.

By using a differential system executed in the form of a bridge, to the
different diagonals of which the channel transmitter and receiver are )
connected, the transition is made from the two-wire low-frequency channel -
to the four-wire channel of the multiplexing equipment. The carrier fre- -
quency F, corresponding to the channel number is fed continuously from the

generator equipment to the same modulator. As a result of modulation at

the transmitter output, the upper sideband currents are formed (the lower

sideband currents and the carrier are suppressed during the modulation

process).
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Inasmuch as the carriers are high-frequency oscillations from 312 to 544
kilohertz with an interval of 8 kilohertz, when talking over 30 channels
the audio-frequencies from 0.3 to 3.4 kilohertz, modulating these carriers,
are converted to the high-frequency spectrum from 312.3 to 547.4 kilohertz.
Let us explain this in the example of calculating the sidebands of certain
channels.

Channel No 1. The carrier Fy;=304+8:1=312 kilohertz. The upper sideband

FB p is obtained as a result of addition of rhe carrier and the effectively
_ transmitted voice frequency band 0.5 to 3.4 kilohertz. Fy b=312+(0.3—3.4)=
312.3 to 315.4 kilohertz.
Channel No 2. The carrier EH2=304+8-2=320 kilohertz. The upper sideband
_ Fp $=320+(0.3 to 3.4)=320.3 to 323.4 kilohertz. ,

Channel No 30. Fy3g=304+8:30=544 kilohertz. Fpp=544+(0.3 to 3.4)=544.3 to
547 .4 kilohertz.

- Thus, on the common input of the group equipment of the system a multichanmel
signal was formed which takes up the spectrum from 312.3 to 547.7 kilohertz,
and considering a frequency of 3.8 kilohertz on which the interaction

signals are transmitted, to 547.8 kilohertz or rounded from 312 to 548
kilohertz. The transmission level of this signal is -50.46 decibels

(-5.8 nepers) on a resistance of 75 ohms.

: The group channels of offices A and B are different in view of the fact
that the KRR-M equipment operates by the two-band system.

The auxiliary repeater BYCZl with average gain of 5.6 decibels (1.8 nepers)
is at the transmission channel input of the A office. The purpose of the
repeater is preamplification of the group signal to the level required for

_ normal operation of the group frequency converter in this channel. The

; output level of the repeater is -32.5 decibels (-4.05 nepers). From the
output of the auxiliary repeater the group signal goes to the D-552 low-
frequency filter. The filter suppresses all the interference frequencies
going beyond the limits of the operating spectrum of the equipment, by

- which overloading of the group converter is prevented. In the converter

the frequency band of 312 to 548 kilohertz is shifted to the 12-248 kilo-

hertz range using the 560 kilohertz group carrier.

The converter is assembled from diodes in a ring circuit. As a result of
the simultaneous effect of the 312-548 kilohertz spectrum and the 560 kilo-
hertz carrier, two modulation sidebands are formed:

upper sideband Fgp=560+(312~548)=872-1108 kilohertz,
lower sidgpanduEHb=560-(312-548)=12—248 kilohertz.

lmn Fig 6.5, the repeaters for the lower group of frequencies from 12 to
248 kilohertz have the index 1, and the upper group from 312 to 548 kilo-
hertz, the index 2.
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Thus, a frequency spectrum of 12-248 kilohertz on which transmission is
realized from the office A was obtained in the output of the group converter.

For suppression of the undesirable (in the given case upper) sideband and
the remainder of the carrier, the D-252 filter is included after the
converter. It passes the currents with a frequency above 252 kiloherctz.
The group repeater GY., with gain of 40.75 decibels (5.05 nepers) raises
the signal level to -5.65 decibels (-0.65 nepers).

On the SIG-30A base the currents in the frequency band of 12-248 kilohertz
then go through the D-280 routing filter and the line transformer to the
line. The routing filter is used to separate the transmission and reception
frequency band of the office, and the line transformer, to match the

75-ohm output of the filter to the 160-ohm input of the cable circuit and
transition from the asymmetric filter circuit to the symmetric circuit of
the two-wire line circuit.

The line transformer winding has a midpoint lead for organizing a phantom

circuit linked between operators and for transmission of remote feed to
, the intermediate repeaters., The group signal in the lower frequency group
of 12-248 kilohertz having a transmission level of ~7.4 decibels (-0.85
nepers) is transmitted through the line transformer from the office A to
office B. In this frequency group the carrier of each chanmel can be
defined as [560-(304+8n)], and the currents of the channel itself have
frequencies below the carrier.

Examples. The useful sideband of the first channel occupying the frequency
band of 312-316 kilohertz at the input to the group channel will be
transmitted over the line at frequencies of 560-(312-316), that is, from -
244 to 248 kilohertz, and a frequency of 248 kilohertz will correspond to
= the 312 kilohertz carrier.

- The 30th channel occupying the spectrum of 544-548 kilohertz is shifted to
the 12-16 kilohertz range, and the 544 kilohertz carrier will correspond
to 16 kilohertz.

In the SIG-1A bays, the P-8 rejector filter having an attenuation peak on |
; a frequency of 8 kilohertz and operating in a pair with the Nn-8 filter
- (only the point of their connection is shown on the figure) is included

at the output of the group repeater. These filters are needed for organizing

a synchronizing channel, and they are considered in the section on the

generating equipment of the terminal offices.

The purpose of the group receiving channel of office B consists in convert- [-
ing the signal in the 12-248 kilohertz spectrum arriving from the opposite
- office to the signal with 312-548 kilohertz spectrum, repeating of it,

distribution with respect to the receivers of the 30 channels and compensa-
tion for the frequency-amplitude distortions.

12
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A line transformer of the same purpose as at office A 4s included at the
input of the channel. The current level at the input of the transformer
1s -42.6 decibels (4.9 nepers). From the transformer output the group
~ signal goes to the routing filter D-280 and, passing through the fork of
the RP-8 filters (if it 1s the SIG-1M) or directly (if it 4s the SIG-30M),
it goes to the BY., auxiliary repeater. The links of attenuation equalizers
and attenuator are in the same module with the repeater. The operating
principle of the equalizer BK (equalizing or correcting circuit) was
investigated in Chaper 4. Here we shall only point out that out of the set
of four links, one link BK 1s used to compensate for the distortions intro-
duced by the two series-comnected D-280 routing filters, one of which is
at the output of the transmitting channel of the office A, and the other at
. the input of the receiving channel of office B; the other two compensate for
) distortions introduced by the cable network section, and the fourth element
- is an attenuator and 1s used for rough (stepped) adjustment of the level
- of the receiving signal. The smocth regulation of the level is realized by
the variation in depth of the negative feedback of the repeaters (auxiliary
and group) by means of the variable resistors, the shafts of which are led
out to the front panel of the module. From the output of the BY.; the
multichannel signal in the 12-248 kilohertz spectrum with a level of
-40.9 decibels (-4.7 nepers) goes to the group frequency converter, to which
the group carrier frequency of 560 kilohertz is fed simultaneously from the
generating equipment. As a result of conversion, two sidebands are obtained:
the upper sideband 560+(12 to 248), that is, 572 to 808 kilohertz, and the
lower sideband 560-(12 to 248), that is, 312 to 548 kilohertz. The D~548
filter which follews the grid converter suppresses all of the unnecessary
conversion products, passing only the useful sideband from 312 to 548 kilo-
hertz, The currents of these frequencies then go to the GYo, group
repeater where they are amplified to a level of -12.2 decibe%s (-1.4 nepers)
required for operation of the receiver, and then they are distributed with
- respect to the receivers of the 30 channels. In order to increase the pro-
tection between channels, the output of the group receiving repeater is
B made in accordance with a differential circuit (the transformer with a mid-
point) providing for the comnection of two groups of 15 receivers each not
R connected to each other: the even and odd channels,

the band filter at the input of each receiver separates the frequency band
of its channel from the group signal, which then is demodulated, being
_ converted to a low-frequency signal from 0.3 to 3.4 kilohertz, it is ampli-
= fied to a level of +4.35 decibels (+0.5 nepers), and from the output of the
receiver it is routed through the RSLU relay assembly to the automatic
office equipment,

The transmission channel of the office B differs from the transmission
channel of office A in that the office B transmits a frequency band of
312 to 548 kilohertz formed directly in the transceiver models of the

30 channels in the direction of office A, and therefore it does mnot require
group frequency conversion. The absence of a group converter excludes the

13
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necessity for the D-252 filter. The remaining elements of the group
chamnels of the two offices are identical.

The group signal with a jevel of -50.46 decibels (-5.8 nepers) goes to the
input of the auxiliary repeater. The repeater increases the signal level
to —-40 decibels (4.6 nepers). The D-552 filter.suppresses all of the
frequency components above 552 kilohertz. The group repeater amplifies
the signal, bringing it to a 1evel of -2.2 decibels (-0.25 nepers) .

On passing through the routing filter K-280 and the line transformer, the
group signal, occupying the frequency spectrum from 312 to 548 kilohertz

and having a transmission level of -3.9 decibels (-0.45 nepers) is trans-
mitted over the line circuit to the office A.

The group signal occupying a spectrum of 312-548 kilohertz which can be
distributed directly, without conversion, to the receivers of the 30 channels
goes to the receiving channel of office A; the signal level at the input of
the line transformer is equal to -54 decibels (-6.2 nepers). Only pre-
amplification and further amplification of the signal by means of the
auxiliary repeater BYc2 and the group repeater GYcy and also the compensation
for the frequency-amplitude distortions are carried out in this channel.
The signal level at the input of the line transformer is -54 decibels

-6.2 nepers). Then passing through the K-280 routing filter, the group
signal goes to the module containing the repeaters and equalizers. The

links of equalizers are made up analogously to how this is done in the
receiving channel of station B, but the parameters are different, for they
are designed for another frequency band. The group repeater brings the
receiving signal level to -12.2 decibels (-1.4 nepers), and distributes it
with respect to two groups of receivers of the even and odd channels.

Further processes are identical in both offices.

6.5. Signal Channel

In contrast to the mommultiplex circuits, where the interaction signals

are transmitted directly by battery power (direct current), the methods of
signal transmission by audio-frequency currents are used in the multiplexing
equipment. In the KRR-M equipment the segregated individual channel
approximately 100 hertz wide located above the effectively transmitted
frequency band of the speaking channel is available for this purpose. The
average frequency of this channel —- the signal frequency -- is 3800 hertz.

For organization of the signal channel the transceiver module has circuits
designed for signal frequency voltage input to the transmitting section
and output of it from the receiving section of the channel. In each
channel there is an electronic relay called a static relay which controls
the operation of these circuits. The static relay is an electronic relay
made from a low-frequency transistor in accordance with the single-stage
amplification circuit with common emitter (Fig 6.6), and it is included
between the 3800 hertz voltage source and the channel transmitter. Depend-
ing on the condiction of its circuitry, the static relay transmits or

14
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does not transmit signal frequency voltage to the chamnel. This occurs as
follows: at the connection times when interaction signals are not trans-
mitted over the chanmel, the transistor emitter circuit is broken by the
contacts of the relays in the RSLU assembly (in the circuit these contacts
are provisionally replaced by a group of control contacts p). In this

case the stage is closed, and the signal frequency does not pass through it.
In other connection phases when the channel is busy, a number is dialed,
ring-off is being realized and the RSLU assembly circuits are adjusted to
the corresponding states, the contacts of the relays of these assemblies
close the positive feed circuit of the battery to the transistor emitter.
Accordingly, the transistor is opened, and the signal frequency voltage
amplified by it goes to the tranmsceiver module. In the channel transmitter
the signal frequency passes through the same modulation circuit as the
talk signal, as a result of which the upper sideband frequency Fy+3.8 kilo-
hertz is transmitted over the group channel to the opposite office.

-£,

& ngpedam
vury

) *anana

.(2)

0m
uempy- Ry
HUKA
HANPRMEHUR
J80a iy
1)

Figure 6.6. Static relay of the channel
Key:
! 1. From the 3800 hertz voltage source

2. To the channel transmitter

On the receiving end of the channel after demodulation the 3.8 kilohertz
voltage goes to the control signal receiver PSU, where it is rectified,

DC amplified and provides for operation of the servomechanism -- the relay
in the RSLU assembly. This relay, on responding, adjusts the assembly

- circuitry so that the call, ring-off or other state is created. Thus,

on the outgoing side of the channel, the DC pulses in the 3800 hertz signal
frequency sending are converted by the static relay, and on the incoming
side of the channel, on the contrary, the signal frequency is converted to
DC pulses by means of the PSU [control signal receiver].

The use of the static relay insures reliable operation of the signal
channel for it creates a large signal frequency level gradient in the
open and closed state. With the static relay open, the current at the
output of the PSU (the operating current of the PSU) I,=45+5 milliamps,
and with the static relay closed the quiescent current of the PSU I; is
no more than 0.5 milliamps.
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There are 120 static relays in the SIG-IM bay on four plates of 30 each. -
The power is fed to the plates from a 24 or 60 volt station battery.

6.6. Channel Transceiver
General Information

The transceiver is the basic module of the individual channel equipment,
and it is used for conversion of the talking and signal currents to high-
frequency currents on the transmitting end of the channel and inverse
conversion of the high-frequency spectrum to the currents of the initial
voice frequencies, and the signal frequency sending to DC pulses on the
receiving end of the channel.

Structurally, the transmitter and the receiver are made on separate plates
using printed circuitry.

The structural diagram of the transceiver is depicted in Fig 6.7.

The basic assemblies of the transmitter (plate No 1) forming the talk .
channel are as follows: the UDl; attenuator, the Tpj input transformer,
the I-3,4 filter, the ¢K;, ¢Kj, K3 phase-shifting circuits, two modulators
M; and My, the output transformer Tpy and attenuator UDl,. For ‘the signal
channel there is an F-3,8 filter on the transmitter plate.

The receiver plate (plate No 2) contains the following: the band filter
Mo, the demodulator DM, the band-elimination filter Z-8, the low-frequency
amplifier UNCh loaded with respect to the talk channel on the D-3,4 filter,
and with respect to the signal channel on the control signal receiver PSU.
The latter consists of the signal frequency band filter Pf sign., the
amplifier-detector Us-D and the trigger circuit. In addition, the receiver
plate contains the voltage stabilizer Ct, from which the entire transceiver
module except the PSU is fed.

The purpose of the individual assemblies and the operating principle of the
module will be considered with respect to its schematic diagram presented
in Fig 6.8.

Transmitter Plate

From the relay-switching circuit of the channel (the RSLU assembly) the
speaking currents with a level of -13.0 decibels (-1.5 nepers) go to the
transmitter input (terminals K8-K10)' The input impedance of the transmitter
equal to 600 ohms is created by means of the attenuator Rj, Ry, R3, R;3

the attenuation of the attenuator is 3.48 decibels (0.4 nepers).

The symmetrizing transformer Tp; realizes the transition from the symmetric
circuit of the attenuator to the asymmetric circuit of the filter and
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Figure 6.7. Structural diagram of the transceiver
Key:
1. .UDl; 11. D-3,4
2, D-3,4 ". 12, UNCh
3. Decoupling 13, DM
4, FK 14, PF band filter
- 5. Upl, . 15, Output signal channel
6. Input signal channel 16. =60 volts
7. fearrier 17. Us-D
8. Plate No 1 18. Pf sign. [signal frequency band
9. =15 volts filter]
10. St. 19, PSu

_ 20, Plate No 2

eliminates direct coupling of the tranmsmitter circuit to its output. A
capacitor C1 with a capacitance of 0.1 microfarads, the second plate of
which 1s connected to the/ground is connected to the midpoint of the primary

_winding of the transformer. The capacitor is used to suppress pulse inter-
ference penetrating the channel.

The D-3,4 filter made up of the inductance coils Ly, L3, L4, Ls and the
capacitors C3, C4, Cs, . Cg, C7, Cg and Cg suppresses the components of the
- speaking signal with frequencies above 3.4 kilohertz. The speaking spectrum
of the subscribers contains higher frequencies which on being transmitted
through the speaking channel can cause incorrect operation of the signal
- channels of its own and the adjacent spectrum and also create interference
in the adjacent speaking channels. Thus, a frequency of 3.8 kilohertz,
passing through the D-3,4 filter of the transmitting end of the channel
during talking, will be picked up as a signal frequency on the receiving
end by the sigral channel receiver. As a result, the relays in the RSLU

17
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Figure 6.8, Schematic diagram of
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assemblies will respond, and the subscriber will be sent a busy signal
during the conversation. The currents with a frequency of 4.2 kilohertz,
reaching the adjacent channel, after demodulation in it, will have a fre-
quency of 3.8 kilohertz (8.0-4.2=3.8). This will be the cause for improper
operation of the adjacent signal channel. In addition, the currents with
frequencies above 4,2 kilohertz (frequencies to 12 kilohertz can be
contained in the subscriber voices), getting into the adjacent speaking
channels, after demodulation in them, will be converted to effectively
transmitted frequency bands of these:channels and cause interference in
them.

In order to avoid the indicated interference in the adjacent signal and
speaking channels, the D-3,4 filter has attenuation peaks on frequencies
of 3.8 and 4.2 kilohertz, and at frequencies above 4.6 kilohertz its
attenuation must also remain quite high, The frequency characteristic of
the filter attenuation is presented in Fig 6.9. The attenuator Ry, Rg and
the decoupling resistors Rg-Rjj are used to match the filter to the phase-
difference circuit for suppressing one sideband.

The signal frequency current, passing through the static relay, reaches

the input of the signal channel (the terminals K9-K6), where the ¢-3,8

band filter is included made up of the resonance circuit LyC2 and the
resistor Rg. On a frequency of 3.8 kilohertz the circuit has current
resonance and introduces minimum attenuation. From the frequency characteris-
tic of the filter presented in Fig 6.10 it is obvious that on detuning the
circuit, its attenuation increases sharply. The presence of the filter at
the input of the signal channel decreases the interference in the adjacent
channels on transmission of the number dialing pulses. The signal frequency
pulses are not sinusoidal voltage of one frequency 3.8 kilohertz, but they
contain a number of other frequency components, the voltages of which taken
together could cause significant interference in the adjacent chanmel if
they were not suppressed by the filter. 1In addition, the filter ¢-3,8

plays the role of a symmetrizing transformer providing for the tramsition
from the asymmetric circuit of the static relay to the symmetric phase-
difference circuit. ’

.06 !
2)
0 Ty (L) #xu

Figure 6.9. Frequency attenuation characteristic of the D-3,4 filter
Key:
1. £, kilohertz
2. a, decibels
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Figure 6.10. Frequency attenuation characteristic of the ¢-3,8
filter .
Key: ' -
1. £, kilohertz :
2. ay decibels

"~ The signal frequency voltage is fed through the resistor Rg to the phase-

difference circuit. By the selection of this resistor the signal frequency
level is set 5.21+l.74 decibels below the measuring level in the channel.

After the D-3,4 and ¢-3,8 filters the speaking and signal channels are -
joined together, and from there on they run through the same elements of

the phase-difference circuit which is divided into two branches -- I and II

-- by the decoupling made up of the resistors Rg, Rjp, Ry; and Ryj.

The phase-difference circuit is used to convert the low-frequency signals

to high-frequency oscillations containing only one modulation sideband,

in the given case, the upper one. Let us remember that in the KRR equipment
in order to decrease thée cost of the terminal equipment, the channel
transceivers do not contain complex, expensive filters which suppress the

_currents of the sideband not used in the given channel (and also other

side conversion products), and the suppression of these currents is realized
by the phase difference modulation circuit, the principle of which was
investigated in Chapter 4. In contrast to the previously presented layout
with cne phase-shifting circuit ¢K;, here in each branch of the circuit I

and II there is a ¢K; and ¢K circuit inasmuch as in practice it is impossi-
ble to create a circuit which will insure a single phase shift for a voltage -
of any frequency from 300 to 3800 hertz; the higher the current frequency,

the greater the phase shift it acquires, on passing through the circuit,

as is obvious from Fig 6.11. The required phase ratio between the currents

reaching the modulators cf branches I and II can be obtained only as the

difference in the phase shifts created in each of the branches by the

corresponding circuit ¢Ki and ¢K,. Here, as is obvious from the figure,

the relative phase shift of 90° remains constant for the currents in the

entire spectrum from 300 to 3800 hertz.

The phase shifting circuits ¢K; and 9Ky are sactions made up of series and -
parallel-connected inductance coils and capacitors:

Lgs Ciqs Cqiqs Loy
Lgs C12s C13s Lg» C34» C15- 10 ~11° 7
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Figure 6.11. Relative phase shift between the branches of the
phase~difference circuit
Key:
1. f, hertz

The ¢Kg circuit is designed for creating a phase shift by 90° only for

the current of one carrier frequency, and it is the section made up of the
inductance coils Ljp, Ly and the capacitor Cjg. The circuit is included

so that the carrier voltage reaches the modulator M2 directly from the

GIN [individual carrier generator?], that is, without a phase shift, and

it reaches the modulator Mj through the circuit. For introduction of identical
attenuation by both branches of the circuit, there are resistors Rjj3 and

Ry4s the ratings of which are selected. )

The channel modulators are executed from the P416 high-frequency transistors
in a balancing circuit which eliminates the carrier frequency current from
- the converted signal. In contrast to the balancing converter circuitry
presented in Chapter 4, the differential input transformers are replaced
' by the resistors Rjs5, Ryg and Ry7, Rl by means of which grounded midpoints
- are formed. These same resistors comnected in parallel to the high-resistance
B input circuitsof the transistorized modulators are the load for the phase-
shifting circuits.

) The low-frequency signal is fed to the transistor bases, and the carrier
- voltage to the emitters through the resistors R3g serving as the decoupling
between the carrier circuits of the different channels fed from one GIN.

2 For temperature stabilization of the operating conditions of the modulators,
the basic resistors Ryg, Ryys Roys Rog and the auxiliary resistors Rjg,

Ry, Ryys Rpg are included in the emitter circuits of the transistors.

By varying the ratings of the latter it is possible to reguldte the amplifi-
cation of the modulators by equalizing the attenuation of both branches

of the phase-difference circuit. ;
The feed voltage of -9 volts is fed to the modulatojrs through the midpoint
of the output transformer Tpp. The second terminal of the power supply is
grounded. The transformer Tpy is simultaneously the load through which
the converter currents of both modulators flow. Let us remember that
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the currents of the upper sidebands coincide with respect to phase and
are added, and the currents of the lower sidebands are opposite in phase
and are subtracted.

The degree of suppression of the lower sldeband depends on the accuracy

of achievement of the relative phase shift by 90° of the initial conversion
- products and also it depends on the equality of the attenuations in the
branches of the phase difference circuit. Inasmuch as in the KRR equipment
the goal was not stated of locating the adjacent channel in the spectrum
of the suppressed sideband, in order to decrease the cost and simplify the
individual equipment of the channels we are limited to suppression of the
lower sideband by only 25.2 decibels (2.9 nepers), that is, attenuation of
it by approximately 20 times by comparison with the useful sideband. This
value is sufficient for the fluctuations of the useful signal level and,
E in the final analysis, the residual attenuation of the channel not to

exceed +0.43 decibels (+0.05 nepers).

The L-type attenuator R g> Rog serving as the decoupling between the
individual channels comgined with resgpect to secondary winding of the

- output transformer and connected in parallel to the input of the group
equipment of the system is included at the output of the circuit. For
normal operation of the channels, the mutual coupling between them is small
as a result of high output resistance of the collector circuits of the
transistors, but if as a result of failure in any channel a short circuit
appears in one modulator, then operation over all 30 channels becomes
impossible. The R2g, R29 attenuator attenuates the coupling between the
channels and simultaneously serves for establishment of the required magni-
tude of the output impedance of the plate.

The useful signal current level at the output of the transmitter with
30 parallel-included transmitters is equal to -50.46 decibels (-=5.8 nepers)
on a load resistance of 75 ohms.

The application of the phase-difference modulation circuit made it possible
to standardize the transceiver module. The only replaceable assembly of

- the transmitter is the ¢K3 phase-shifting circui: in the carrier circuit.
All the remaining plate assemblies are identical for all 30 channels.

Channel Receiver

The high-frequency group signal occupying the frequency spectrum of 312-548
kilohertz and having a level of -12.2 decibels (~1.4 nepers) on a load of
75 ohms goes to the channel receiver. The II¢ (PF) band filter designed for
separation of the currents of its own channel from the group signal is
included at the input of the receiver (terminals Kjj, Ki3). The frequency
damping characteristic of the filter does not have great steepness; its
pass band 1s approximately 10 kilohertz., The basilc purpose of the filter
consists in limiting the power of the signals reaching the demodulator

and capable of causing overloading of it and distortions in the channels.
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_ Having such a wide pass band, the filter does not introduce sufficient

- attenuation for the currents of the near frequencies of the adjacent
channels {the channel in the KRR equipment occupies a band 8 kilohertz
wide). Therefore, in order to avoid crosstalk the channel receivers are
separated into two groups —— even and odd. Inside each group the channel
filters are connected in parallel, and the two groups are decoupled by
means of a differential system included at the output of the group receiving
amplifier (see Fig 6.28).

- The band filter is the only assembly of the receiver which is different
for each of the 30 channels, and it is executed structurally in the form
of a separate removable plate element.

- From the filter output the high-frequency signal goes to the demodulator,
at the input of which the Tps matching transformer is included. The de-
modulator is executed from two high-frequency transistors T;qg and Tp; with

. respect to the balancing circuit. The high-frequency signal which is
subject to conversion is fed to the transistor bases; the carrier is fed
to the emitter circuits, and the demodulated low-frequency signal is picked

- up from the collector circuits.

The resistors R4g, R,q in the emitter circuits have the same purpose as
in the modulator circuit. The circuit 02 > Ligs R with voltage resonance
on a frequency of 3.4 kilohertz is designed to decrease the negative feed-
back on the upper frequency of the speaking spectrum on which the demodulator
creates reduced gain (in the transceiver modules of the KRR-M equipment the
transistorized converters operate in a mode insuring not only signal con-
version, but also signal amplification). The capacitors Cyg and C27 in
the output circuits of the transistor shunt the remains of the carrier and
the upper sideband, and the useful demodulation products -~ the lower side-
band currents —— reach the demodulator load circuit through the transformer
- Tp,. Power is fed through the midpoint of this transformer to the collector
circuits of the transistors. The circuit Ljj, Copy with voltage resonance
on a frequency of 8 kilohertz is connected in parallel to the secondary
winding of the transformer. This voltage is formed in the demodulator as
the difference product between the remains of the carrier frequencies of
the two adjacent channels and, on passing through the low-frequency amplifier
UNCh, can cause crosstalk of the adjacent channel. The circuit prevents
the currents of this frequency from reaching the input of the low-frequency
amplifier. The circuit Lj7, C95 jointly with the capacitors Cjq, 027 form
the band-elimination filter Z-8.

i
The low-frequency amplifier contains one amplification stage made from the
transistors Tg, Tg with respect to the two-cycle circuit. This type of
circuit decreases the nonlinear distortions of the amplifier, as a result
of which crossovers of the currents in the channels can appear along with
false operation of the signal channel (sending of the busy signal during
a conversation).
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The resistors R;q and R,7 create the required blas on the bases of the
transistors, and the transistors R4y and R43 in the emitter circuits are
used for stabilizing the amplification conditions. The collector circuits
are fed through the midpoint of the primary winding of the output transformer
Tp3. The output level of the signal is regulated roughly (step regulation)
- by the aligning resistors R45 and R4y and the continuously variabl:
resistance Rgg included in parallel to the input of the amplifier and
shunting it, The smaller this resistance, the smaller the gain of the
amplifier. Here the resistor R4y does not permit complete shunting of the
input of the amplifier or making its amplification extremely small, and
the resistor R,s5 does not permit making it extremely large. The regulating
resistance R56 equipped with an arm and dial is led out to the front panel
of the unit and permits adjustment of the gain within the limits +4.35
decibels (+0.5 nepers). Two loads are connected to the output of the low-
frequency amplifier: the D-3,4 filter with respect to the speaking channel
and the PF sign filter with respect to the signal channel.

The D-3,4 filter contains inductance coils of Li2, Li3s Lj4 and the capaci-
tors Cy7, Clg, 02 s 021 aﬁd, in contrast to the analogous filter installed
on the plate of tge transmitter, it is made by the symmetric scheme, for

it is the last link of the receiver directly connected to the symmetric
circuit of the RSLU assembly, The filter D-3,4 delays the currents with
frequencies above 3.4 kilohertz, that is, the signal frequency current of
its own channel and the currents of the adjacent channels having frequencies
above 4.2 kilohertz at the demodulator output and this eliminates the inter-
ference and the noise in the channel. The signal level of the filter output
is +4.35 decibels (+0.5 nepers) on a load of 600 ohms.

The control signal receiver is designed for receiving the signal frequency

sending from the transmitting end of the chanmel and conversion of them to

DC pulses required for operation of the relays (K or RZ) installed in the

RSLU assemblies, The contacts of these relays create interaction signal

- transmission circuit to the automatic office devices. In order to imsure
reliable and stable operation of these relays, the current in their coils

- must either be completely absent (for example, on transmission of a conver-

sation over the channel) orhave maximum value (for transmission of the

interaction signals), Therefore the PSU must operate as a switch having

- only two states: closed-open; the transition from one state to another

- must take place not gradually, but discontinuously. The trigger circuit

. is most appropriate for the creation of such a regime.

The PSU contains the PF sign band filter made up of the coils Liss Ligs

the capacitors Cjp, €235 Cy, and insuring its frequency selectivity,

the detector amplifier based on the transistor T7 and the trigger circuit
executed from the transistors Tgs Tse (The'operating principle of the
trigger circuit is investigated in Chapter 4.) A version of the asymmetric

circuilt -- a Schmidt trigger is used in the PSU of the transceiver
module.
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The trigger can be found in only one of two states: where the transistor
Te is completely open, and the transistor Ts is closed or when Tg is
closed and Tg5 is completely open. Any other state is extremely unstable
for it as a result of which it goes discontinuoutly from one state to
another. This takes place as a result of positive feedback between the
transistors through the resistor Ry5. The feedback voltage developed on
this resistor has always directed so that it decreases the negative poten-
tial of the base of the closing transistor and increases it on the base

of the opening transistor.

In the initial state when the signal at the PSU input is absent or its
voltage is less than the threshold voltage (the voltage drop on the
resistor R3g), the transistor T; is blocked. The negative potential of

the power supply is fed through the resistors R3g and R37 to the base of
the transistor Tg. For such a low potential on the base the tranmsistor Tg
is completely open and the current passing through it creates a voltage
drop on R35 which closes the transistor Ty through D3, and the relay in
the RSLU simply does not operate.

If the input voltage exceeds the threshold voltage, then in the negative
halfperiod of this voltage the transistor T; opens, and the current in the
circuit increases:

Plus, R3g, Ty, Ry, minus and the base potential of Ty increases (it becomes
less negative).

The transistor Tg begins to close, and the resistance of its collector-
emittor section increases. As a result, the negative potential of the
base of the transistor T5 increases, and the collector current begins to
flow through it. Since the collector current of Tg is much greater than
the collector current of Tg, the voltage drop on the resistor R35 increases
as a result of which Tg closes even more and T5 opens. This promotes a
still greater increase in the collector current of the transistor T5 and

a voltage drop on R35, and, consequently, more complete blocking of Tg.

The process takes place in avalanche manner, as a result of which Tg closes
in practice discontinuously, and Ts5 opens completely. The relay included
at the output of PSU responds.

If the signal amplitude at the input of the receiver becomes less than the
threshold value, then T7 closes, and the base potential Tg becomes more
negative. Tg begins to open from this, shunbing the base circuit Ts, the
collector current of which begins to decrease. The decrease in the current
causes a reduction in the voltage on the resistor R3s, which promotes more
complete blocking of Tg. The base circuit of Tg5 is shunted more strongly,
and the collector current of this transistor and the voltage drop on the
resistor R3g decrease still more. The process, just as in the preceding
case, builds up avalanche-like, as a result of which Tg in practice opens
discontinuously, and-T5 closes completely. The relay at the PSU output
ais triggered, and the circuit goes to the initial state.
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Thus, PSU has :two stable states: open where the signal voltage at the input
of the receiver exceeds the threshold voltage, and closed, where the signal
at the input of the receiver is absent or its voltage 1s less than the
threshold voltage. Correspondingly, the current in the relay winding with
open receiver is equal to the operating current (and the relay operates),
and with a closed receiver it is equal to the quiescent current (and the -
relay does not operate), This cl. icteristic of the trigger PSU permits

us to obtain its highest noisepr . 'ess. Actually, the intérference pene-

trating to the input of the receiver cannot cause false response of it

(if the voltage of this interference is less than the threshold voltage).

The operating current of the PSU is 45+5 milliamps, the quiescent current

does not exceed 0.5 milliamps, The PSU is fed from a separate voltage

source of -60 volts in order not to create interference in the talk channels

from the current pulses of the signal channel through the common power

supply. The output transistor T5 of the trigger circuit is fed from the
- automatic office battery through the relay circuit of the RSLU assembly.
For stabilization of the feed voltage of the transistors on the receilver -
plate there is a D814B type silicon stabilitron, by means of which a constant
voltage is maintained. The stabilization principle is illustrated in
Fig 6.12. The circuit diagram of the stabilizer is presented in Fig 6.12a,
and its volt-ampere characteristic is presented in Fig 6.12b,

P , .
- ?———c:r——m ﬂ } ' [ -
£ ot | hagp - . :
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J".%— _{(1). { hap )

+ : 1
0

Figure 6.12. Voltage stabilization in the transceiver module
Key: -
1. Ujoad
Uthreshold

Under the effect of positive and small negative voltages the characteristic
- of this diode does not differ in any way from the analogous characteristics

of ordinary silicon diodes. However, as soon as the negative voltage

reaches the threshold value Uip,aghold» the current through the diode

increases sharply as a result o§ a sharp decrease in its internal impedance
= which will become equal to 10-20 ohms.

4
-

S )

As is obvious from the figure, the load resistance Ry is included parallel
to the diode, and the ballast resistance R is connected in series to the
voltage source E. For small values of E below the threshold, the current =
- in practice does not flow through the diode, and all the voltage E is
distributed between Ry and R. When the voltage on the stabilitron reaches -
the threshold value, with a further increase in it, the current through

27
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

FOR OFFICIAL USE ONLY

the stabilitron will increase sharply. This additional current causes an
increase in the voltage drop on the ballast resistance R so that the
voltage on the diode almost does not change, leaving it equal to the
threshold voltage (in the given case 9 volts).

6.7. Generating Equipment
General Information

The generating equipment of the terminal office generates all the voltages
required for operation of four KRR-M equipment systems: 30 individual
carrier frequencies of the channels beginning with 312 to 544 kilohertz,
every 8 kilohertz; the group carrier 560 kilohertz; the signal frequency -
3.8 kilohertz and the synchronizing frequency 8 kilohertz. The equipment
is constructed by the harmonic system with a reference frequency of

8 kilohertz.

The structural diagram of the generating equipment is presented in Fig 6.13.
The reference frequency voltage selected by the master oscillator ZG with ’
quartz stabilization goes through the differential transformer Tpy to the :
harmonic generator IT made up of two parts structurally executed in different

modules: the power amplifiers Yc IT and the nonlinear system HC TT.

The nonlinear system converts the sinusoidal current of reference frequency .
to the current having the form of the curve with sharp pointed pulses of i
positive and negative polarity. Such a current contains a large number of
odd harmonics of the reference frequency.
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Figure 6.13. Structural diagram of the generating equipment
Key: ’ .
1 -- ZG = master oscillator; 2 — basic; 3 -- reserve; 4 — f=8 kilo-
hertz; 5 -- synchronizing frequency; 6-- signal frequency 3.8 kilohertz;
7 — output; 8 ~— GIN = individual carrier generator; 9 — odd
individual carrier; 10 -- UGN = group carrier repeater; 11 -- even
individual carriers; 12 -- group carrier; 13 —— 560 kilohertz;
14 -- monitor; 15 —- harmonic generator power amplifier; 16 --
harmonic generatornonlinear system
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In order to obtain the even harmonics, the rectifying diode bridge is
used at the output of which a train of one sign 1s formed containing only
- the even harmonics of the reference frequency.

Generators of the odd individual carrier frequencies are connected to the
first output, and even to the second.

The reference frequency harmonics are separated by the narrow-band filters,
they are amplified and are used to stabilize the individual carrier fre-
quencies of the channels. These processes are realized in the individual
carrier generators GIN. The GIN has two outputs: basic and monitor. From
the basic output the catrier voltage goes to the transceiver module for
realizing the modulation and demodulation processes, and from the monitor
output, to the monitor module KY, by means of which the operation of the GIN
is monitored. The GIN inputs are connected to the even and odd outputs of

- the harmonic generator in parallel 15 each. The basic and reserve group
carrier amplifiers (560 kilohertz) YTH are also connected to the even output.

In addition to the enumerated equipment, the generating equipment of the

- terminal office includes two (basic and reserve) signal frequency 3.8 kilo-
hertz generators and devices for tramsmitting and receiving the synchronizing
frequency. Synchronization causes forced operation of the harmonic generators
of different offices from the same reference frequency and it is carried
out for exact coincidence of the carriers on the transmitting and receiving
ends of the channel,

Master Oscillator

The master oscillator ZG (Fig 6.14) is exacuted from two 6ZhlP tubes.
The generator or exciter of the autooscillations is the primary tube L.
_ For stabilizing the frequency of these oscillations between the primary
: and secondary grids of the tube L; there is a quartz resonator KB with
_ natural resonance frequency of 8 kilohertz. The load of the first stage
- of the generator is the oscillatory circuit LC4 tuned to a frequency of
- 8 kilohertz. The voltage picked up from this circuit is fed to the controlling
grid of the tube Ly. The second stage is a resonance voltage amplifier,
The load of this stage is the parallel connected capacitor Cg and the pri-
- mary winding of the output transformer. For tuning the generator frequency
there is a semivariable capacitor C3. The output voltage is regulated by
the potentiometer Rg. The rated magnitude of the voltage at the output of
the module is 2.5 volts.

For reliable stabilization of the frequency of the generated oscillations

a quartz resonator 1s placed in a thermostat with constant temperature of
- +50°C. The automatic maintenance of this temperature is realized by a

heating coil (the heating element NE), the relays P) and Py and the

thermocontactors TKy, TKy (Fig 6.15). Until the temperature in the

thermostat reaches 50°C, the transistor T is open, the relay P; operates
- and by its contact 3-4 closes the feed circult of the heating coil.
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When the temperature in the thermostat reaches 50°C, the mercury column

of the thermocontactor TK; closes the feed circuit of +24 volts to the
transistor base. The latter is blocked, the relay P opens and breaks the
coil feed circuit. When the temperature drops the heating element 1is
again switched on. When the thermocontactor TKj fails, the thermocontactor
TKy is switched on. It is designed to respond from a temperature of +60°C.
The contacts of this thermocontactor close the operating circuit of the

Py relay which switches off the heating element and creates an emergency
signal at the SIG-1M bay.

2gs
& fJorrod

L , (1)

4

Figure 6.14. Master oscillator

Key:
1. Output
2. Ground
3. =24 volts
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Figure 6.15. Circuit diagram of the thermocontactors and thermostat
Key: )

1. ~24 volts ' 5. +24 volts
2. NE heating element
3. =24 volts
4, signal
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The generating equipment includes two master oscillators: basic and
reserve. ‘Thelr outputs are connected in parallel to a common load. Durlng
- operation of the basic generator the .reserve generator is blocked by a
negative voltage of ~24 volts fed to the grid of the tube L, and simul-
taneously to the signal tube SL on the face panel of the unit. When this
light burns it indicates that the module is not operating, On failure of
the basic module, the blocking voltage is removed from the reserve module,
and it automatically switches on.

The master oscillators are connected to the differential transformer Tp;j.
The secondary winding of this transformer has a midpoint at which the

2G voltage is split into two outputs. The load of the first output 1s the
transformer Tpy from which the voltage goes to the input of the harmonic
generator of its own office. From the second output the voltage with a
frequency of 8 kilohertz can be transmitted to the second office for
synchronization of its generating equipment. The devices through which
this voltage is transmitted form the synchronization channel.

Synchronization Channel

There are two methods of synchronizing the generating equipment of the
terminal stations: 1) local or synchronization with respect to directions
of operation and 2) general or centralized synchronization. Fig 6.16 shows

- the local synchronization system. The essence of it is that the master
oscillator operates only at one of the terminal offices (office A). The
voltage from this oscillator goes both to the harmonic generator amplifier
of its office and along the synchronizing channel to the harmonic generator
amplifier of the opposite office (office B).

Let us consider the synchronizing frequency transmission channel. At the
transmitting office the 8 kilohertz reference frequency voltage reaches the
differential transformer Tpy. From the first output of this transformer
the lock~on voltage is fed through the attenuator Udlj to the harmonic
generator of its own office. The second output is connected through the
attenuator Udly to the band filter I-8. On passing through the filter, the
8 kilohertz voltage goes to the group channel and to the other with the
high-frequency signal is transmitted through the routine filter D-280 and
the line transformer to the line. This voltage goes through the line
together with the group signal of office A (12-248 kilohertz). In the
presence of repeater stations the synchronizing voltage passes through them,
and it goes to the line transformer of the terminal office B, to the routing
filter D-280, the band filter M-8 and the input transformer of the harmonic
- generator,

In order that the 8 kilohertz synchronizing frequency voltage designed for

- operation of the generating equipment not go together with the multichannel
signal to the group recelving channel of the office and not cause overload-
ing of it, the P-8 filter is installed (the band-elimination filter)., The
fork of the PN-8 filters is connected to the group channel between the D-280
filter and the group repeater.
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Synchronization channel of the generating equipment

Key:
1. Office A (transmitting) 9. Intermediate repeater
2. GUs = group repeater 10. Office B (receiving)
- 3. Po=-5.22 decibels 11. P.=-17 decibels
4, Ud12 attenuator 12. P.=-22 decibels
5. ZG master oscillator (basic)
6. 2G master oscillator (reserve)
7. Harmonic generator (basic) -
8. Harmonic generator (reserve)
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Figure 6.17. Harmonic gehel:ator
- Key: -
1. 0dd harmonics
2. Even harmonics
3. Reserve harmonic generator
4, =24 volts
5. to PK
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The attenuation of the attenuators Udj and Udy have a value insuring the

required voltage for lock-on at the input of the harmonic generator

independently of the method of supplying it: from the generator itself or

over the synchronizing channel, -

On the large city telephone networks a united centralized synchronization

- system has been organized which 1s set up so that the synchronizing voltage

- is generated by one generator and is distributed with respect to all points
where the KRR equipment is installed. Special synchronization network units
are installed here, by means of which the required parameters of this voltage

- are insured. The master oscillators of the bays of KRR equipment are not
used in this case.

Harmonic Generator

The harmonic generator is a frequency multiplier which generates voltages
with frequencies that are a multiple of the reference frequency of 8 kilo-
hertz. The harmonic generator includes two modules: the amplifier module
and the nonlinear system module. The purpose of the amplifier is to bring
the reference voltage power to the required value for normal operation of
the nonlinear system. The purpose of the nonlinear system is to insure
the required shape of the output rurrent,

The circuit diagram of the harmonic generator is presented in Fig 6.17.
- The amplifier is made in accordance with the three-stage circuit from two
6ZhlP tubes and two 6P3S tubes. The first stage based on the 6ZhlP tube
operates as a resonance voltage amplifier. A small voltage is fed to the
control grid of the tube Lj from the master oscillator of its office or
over the synchronizing channel. The anode load of this stage is an oscilla-~
tory circuit made up of the capacitor Cp and the primary winding of the
transformer Tpl. On a frequency of 8 kilohertz, current resonance takes
place in the circuit. The circuit resistance and the voltage drop on the
circuit become maximal. This permits us to obtain the greatest gain only
for 8 kilohertz voltage, which is especially significant when operating the
harmonic generator from the voltage coming over the synchronizing channel.
In this case, in addition to the 8 kilohertz frequency the incoming signal -
can also contain components with other frequencies. The resonance ampli-
fier permits filtration of the 8 kilohertz voltage to remove the other
frequency components.

The voltage amplified by the first tube is fed to the input of the second -
tube and simultaneously through the rectifying bridge to the polarized
relay P. The relay in the operating state picks up the ~24 volt locking
voltage by its contacts from the controlling grids of the second and third
stages and puts out the signal light on the panel of this module. In the
absence of a master (synchronizing) voltage at the output of the first
stage, the relay is tripped, and the module does not generate the character-
= istic voltage, the frequency of which in this case would be unstable.
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Without an external signal the second tube, as indicated below, generates

a voltage with a frequency corresponding to the parameters of its oscillatory
circuit. Thus, the signal tube, on being put out, indicates the presence

of a frequency of 8 kilohertz at the input of the module.

The second stage is also executed from the 6ZhlP tube and it operates in the
generator mode with lock-on. The oscillatory circuit of this generator has

a trimmer C9. The resonance frequency of the circuit is close to 8 kilohertz.
Under the effect of the external synchronizing voltage the frequency of the
oscillation generated by the tube is stabilized, reaching the require value.

The third output stage is the resonance power amplifier executed from two
6P3S tubes by the two-cycle circuit. The variable resistor Ry regulates

the output level of the signal to the value required for operation of the
nonlinear system. The basic element of the nonlinear system of the harmonic
generator (Fig 6.18a) is the nonlinear coil HK, to which a powerful signal
is fed from the output of the amplifier through the auxiliary filtering
circuit Dpyys C33. The coil is wound on a ferrite ring having a rectangular
hysteresis loop %Fig 6.18b). This nature of magnetization means that the
saturation state of the core occurs not smoothly, but sharply, as soon as

- the current in the coil reaches the saturation current of ij.

Inasmuch as the inductance of the coil L is defined as the variation of the
magnetic flux per unit time A®/At, it'will be the largest at those times
when the core magnetization curve increases or decreases, that is, when the
current still has not reached a value of iy, for which the variation of the
magnetic flux is stopped, and the inductance drops to zero. As a result of
sharp transition of the core of the coil HK to the saturation state, its
inductance will change just as sharply from the maximum value of Lo to the
minimum value Ly, and the resistance from Zg to Zy differing from each
other by no less than 1000 times.

The nonlinear system operates as follows. Until the reference signal current

builds up, varying according to a sinusoidal law, the core is not saturated,
- the coil resistance HK is high, and the current does not in practice flow

through it. At this time the capacitor Cyp is charged. When the current

reaches a value of i, the inductive resistance of the coil decreases

sharply which in this case shunts the voltage source, and the charge

capacitor Cjpj is discharged through the load Tp. The voltage of the discharge

current is opposite to its direction when charging. Then with a decrease

in the current the capacitor is again charged, and with a value of it equal

to -iy, it is again discharged in the opposite direction. As a result, the

current pulses of positive and negative polarity flow through the load

(Fig 6.18c). The circuit parameters are selected so that the capacitor

discharge will take place very fast. The current pulse generation in the

load is less than 2 microseconds for the pulse amplitude of 60 volts. This

insures a large number of harmonics with slowly decreasing amplitude in

the output current.
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Figure 6.18. Nonlinear system of the harmonic generator and
explanation of its operating principle

- Key: .

- 1. From the harmonic generator amplifier
2. HK nonlinear coil
3. 0dd output of the harmonic generator
4. Even output of the harmonic gemerator
5. 0dd output

- 6. Even output

It was indicated above that the current of this shape contains only the

odd harmonics. In order to obtain even harmonics in the harmonic generator
circuit there is a second, even output through the load bridge insuring .
double halfperiod rectification, and consequently, frequency doubling.

The current at the bridge output has the shape of a unipolar curve contain-
ing only the even harmonics of the basic frequency of 8'kilohertz.

The filters of the odd generators of the individual carriers are connected
to the odd output of the harmonic generator, and to the even, the filters
of the even generators GIN and the filter UGN. From the circuit it is
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obvious that both outputs are connected to the various diagonals of the
rectifying bridge. This decreases the mutual effect between the GIN, that
is, it increases the protection between them. In the generating equipment
of the offilce there are two harmonic generators: basic and reserve. On
operation of one of them, the anode voltage is picked up automatically from
the other.

Individual Carrier Generator -- GIN

The individual carrier generator (Fig 6.19) generates a voltage of individual
carrier frequency required to feed the channel converters. A narrow-band
filter tuned to a frequency of the corresponding harmonic of the reference
frequency of 8 kilohertz is connected at the input of the GIN. From the
filter output this voltage is fed through the matching transformer to the
controlling grid of the 6ZhlP tube operating in the generator mode with
lock-on. The magnitude of this voltage is sufficient for reliable lock-on
of the GIN on drift of its natural frequency from the calculated one by

42 kilohertz. The natural frequency of the generator is determined by the
parameters of the oscillatory circuit made up of the capacitor C3 and the
primary winding of the transformer Tpj. With respect to its effect the
generator encompassed by the external voltage is equivalent to the narrow-
band filter plus an amplifier. In order to decrease the effect of the load
variation on the frequency stability of the GIN, the transformer is loaded
on the attenuator R4, Rg, Rgs Rg» R12 permitting regulation of the output
voltage without variation of the output resistance of the generator. The
variable resistor Rg permits regulation of this voltage within the limits
from 1.0 to 1.4 volts for a rated value of 1.2 volts.

L1 8
gy Kowmy (1
Ry ————D mmvi( ?

Py L
by Rs Rpg || Ro
<7 G= 5 ||\ Ao i/
tor Lo . lps Lot TP £ = I 2
QJ (4.7}

—

fq)}
L2 % gﬁw
L

Figure 6.19. Individual carriexr generator
Key:
" 1. Control
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Each GIN is designed to feed the converters of four like channels: one
based on the SIG-1M bay and three on the SIG-30M bays. During operation
of all four systems of this equipment the resistors Rg, Rjp and Ry are

- disconnected. TFor a load on a smaller number of converters ome of the
indicated resistors each is connected to the generator circuit instead of
the missing KRR-M system,

In addition to the basic output, the GIN has a control output through the
resistor R7 and the toggle switch B, This output is connected to the
monitor which signals when the GIN falls out of synch.

One GIN module has two generators —- even or odd channels with the exception
of the generators of the 29th 30th channels which are placed in one module.

Group Carrier Repeater -- UGN

The group carrier repeater (Fig 6.20) is used for generation of the 70th
harmonic of the reference frequency (560 kilohertz) from the even output
of the harmonic generator and amplification of it to the required power.

At the repeater input for more reliable voltage filtering there are two
sections of band filters analogous to the filters at the input of the GIN.
The repeater is assembled as a two-stage circuit. The first stage is
executed from the 6ZhlP tube by the resonance circuit. The anode load of
this stage is the parallel circuit L, C4 with resonance at frequencies of
560 kilohertz. The variable resistor R3 is connected to the cathode circuit
of the tube L; to regulate the output power of the repeater.

Figure 6.20. AGroup carrier repeater
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Figure 6.21. 560 kilohertz repeater differential system

The second stage -- the power amplifier -- is also executed by the resonance
circuit from two 6P9 type tubes which are connected in parallel to increase
the output power.

In order to avoid the transient effects between the group converters of
different systems, the group carrier is not fed directly from the repeater
to the group converters, but it is fed through the decoupling diffzrential
system (Fig 6.21), The differential system of the group carrier repeater is
made up of three differential transformers Tpy, Tp,, Tp, which are struc-
turally arranged in another module. The transformer Tp; separates the output
of the receiver into two circuits comnected to different diagonals of its
bridge circuit. The transformers Tpy and Tpj divide each of these circuits
again into two in like manner. As a result, four outputs well decoupled
from each other are formed, from each of which the voltage is fed to its

own group converter. The magnitude of this voltage is 1.2 volts, just as

in the group converter itself. If only one system of the KRR-M equipment

is in operation, the resistors Rg, Rips Rll must be put in.

In the SIG-1 bay there are two UGN modules: basic and reserve. The outputs
are connected in parallel to a common load. On operation of one of them,
the anode voltage is automatically picked up from the other.

Generating Equipment Monitor

The monitor is used for continuous observation of the operation of the GIN
and it signals if any of them drops out of synch. The control outputs of

all of the individual carrier generators are connected through large
decoupling resistances to the input of the monitor (Fig 6.22). The first
stage executed from the 6ZhlP tube amplifies the entire complex input

signal to a value at which the diode Dy connected between the first and
second stages will operate reliably as a nonlinear element. It is known

that if the nonlinear element falls under the effect of voltages of different
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frequencies -- £y, £,, £,5... —= then harmonics appear in the circuit from
only 1nitial frequencies”of the type: 2f;, 2f,, 2f3,..., 3f1, 3£y, 3f35.0.,
4f3 and also all possible combination frequencies, sum and
%fcrence, of the following type: f£1+f3, f£1+f 3fL_2f » 2£143f7, and so
on, which can be written in general form as mf 2nfb, where m and n are
any integers, and fy and f are any frequencies reaching the input of the
module.

Figure 6.22. Monitor

All of these frequencies go to the second 6ZhlP tube for further amplifica-

tion. For normal operation of the GIN, all of the frequencies generated

by them are multiples of 8 kilohertz. In this case, among the entire

set of frequencies fed to the tube Lj, none will occur which will be less

than 8 kilohertz. Actually, any carrier, and more so the harmonics, will

be greater than 8 kilohertz. Any summed combination frequency mfa+nfb will
- - also be greater than 8 kilohertz. Only the combination frequency formed

by the difference of two adjacent carriers will be equal to 8 kilohertz.

This is the basis for the structure of the monitoring circuit.

The D-4,0 filter which passes currents with frequencies only up to 4 kilo-
hertz is connected at the output of the second stage. During normal opera-
tion of all the GIN there will not be a single frequency which will pass
through the filter. If any GIN falls out of synch., that is, begins to
generate a frequency that is not a multiple of 8 kilohertz, then a differ-
ence combination frequency of less than 4 kilohertz will appear. The
signal of this frequency will go through the D-4,0 filter, it will be
rectified, amplified with respect to DC current by the transistorized
stage and force the response of the polarized relay P;. This relay closes
the circuit of the relay Py by its contact, it switches on a red signal
light and switches off a green signal light on the panel of the KY monitor
module. The relay P, creates a general-bay emergency signal circuit.
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Example, Let GIN No 3 begin to generate at 329 kilohertz instead of 328
kilohertz. Let us take two difference frequencies: F3-F,=329-320=9 kilo-
hertz and Fyp-F1=320-312=8 kilohertz. These two combination frequencies
create new frequencies: 9+8=17 and 9-8=1 kilohertz. The frequency of

1 kilohertz passes through the D~4,0 filter and the above-described signal
response.

The GIN that has fallen out of synch must be disconnected from the trans-
ceivers. 1In order to find this GIN, it is necessary to disconmnect the
monitor outputs from the KY in the GIN modules until the red light goes
out and the green light burns again.

Signal Frequency Generator

The signal frequency generator (Fig 6.23) is the only generator not
connected with the harmonic system of the generating equipment, for the
frequency of 3.8 is not a multiple of 8 kilohertz. The generator is made
as a two-stage circuit.

The first stage based on the 6ZhlP tube operates as an autooscillation
generator assembled by the three-point circuit. The oscillatory circuit
C1, C2» C13’ L. is connected to the circuit between the control and screen-
ing grids of tll-ie tube. The midpoint of the circuit is connected to the
cathode. These three electrodes play the role of the autooscillation
exciter. The oscillations which occur are amplified then by the anode cir-
cuit of the tube loaded on the oscillatory circuit Cg, Cg, Cq and the
primary winding of the transformer Tp,. This circuit, just as the first,
is tuned to a frequency of 3.8 kilohertz.

The second stage —- a power amplifier -- is executed from two 6Zh1P tubes
by the double-cycle circult, as a result of which the characteristics of
the amplifier are improved, and the nonlinear distortions are decreased.
The two-cycle output requires complete symmetry of the circuit, and since
in practice it is impossible to have entirely identical parameters of the
two halves of the circuit, including two tubes, the halfwindings of the
transformer and the other parts, additional measures are being taken to
improve the amplifier characteristics. In parallel with the primary wind-
ing of the output transformer a circuit is included which is made up of
the series-included inductance coil Lj and capacitor Cpj. This circuit
with resonance voltages on the third harmonic of the basic oscillation
has minimum resistance on it and shunts the output. The even harmonics
are destroyed by the two-cycle circuit. '

The capacitors Cjg, Cy7 and the primary winding of the output transformer
together make up a parallel circuit tuned to the basic signal frequency
of 3.8 kilohertz at which the repeater also gives the greatest gain.
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Figure 6.23. Signal frequency generator
Key:
1. Shunt

The output level of the generator is regulated by the potentiomer Rys.
) On a load of 16 ohms, the maximum voltage can be 3 volts, The signaf
_ frequency generator load is 120 static relays. The output power distribu-
tion of the generator between the static relays of the four systems of
equipment is realized by decoupling resistors located in a separate module
of the generating equipment.

Monitoring the Operation and Switching of the Generator Equipment Assemblies

_ For greater operating reliability all modules are redundant in the generating
equipment except the GIN and the monitor. For automatic switching of the
equipment from the basic to the reserve there are special relay assemblies
connected with the signal system of the ISG-1M bay., The switching and

_ signal elements are located on the protection and signal plates (the ZIS
plate) and also directly in the generating equipment modules. The switching
of the equipment from the reserve modules to the basic ones is done manually
by using buttons also located on the ZIS plate. The switching from basic
to reserve 1s automatic.

Let us consider the operation of the relay assemblies. The diagram of the

relay assembly of the signal frequency generator is depicted in Fig 6.24,

The assembly is made up of the Pg-3,8 polarized relay, two RPN type tele-

phone relays: Py and Pp, three signal lights, the button KH, the rectifier
- bridge BM and the diodes, The operation of the complex goes as follows.

In the first step when the electric power is’ gwitched on, the voltage at

the output of the generator of the signal part is insufficient for operation

of the polarized relay PG-3,8’ the armature of which is on the right stop.

The R-A contacts of the relay Pg-3,8 close the operating circuit of the

relay Pg: '"ground," armature A, right contact of the relay Pg-3,8 then
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Figure 6.24. Relay switching complex of the G-3,8 kilohertz

generator
Key:
1. -24 volts 9. Signal light (white) - L(Bel)
2. No ring 10. Signal light (red) = L(Kr)
3. General bay signal 11. G-3,8 basic generator
. 4. To the static relay 12. Bridge rectifier
5. G-3,8 basic 13. R - right
6. G-3,8 reserve 14. A - armature
7. Button 15, L - left
8. Signal light (green) - 16.

P
L(Zel) 6-3,8

parallel to the relays Pg and Pp, -24 volts. The red signal light L (Kr)
lights simultaneously. The relay Pp closes the emergency signal circuit
in the SIG-1M bay and the external "no ring" signal by its contacts 11-12
and 151-52,

The:relay Py, responding, closes the circuit of its restraining coil 4-5 by
its .contacts 31-32; by the contacts 52~53 it prepares the voltage feed
circuit from the output of the reserve module to the load; by contacts 12~13
it closes the circuit to light the white signal light L(Bel).

In the second step of operation, the voltage at the output of the reserve
module reaches the normal value. The polarized relay Pg-3,8 responds and
switches the armature to the left contact. This brakes the circuit of the
B relay Pp, which, tripping its armature, removes the emergency general-bay
signal and the "no ring" signal. In addition, the contacts of the relay
PG—3 g brake the circuit of the tube Lj and the operating winding of the
relay Pp. However, this relay does not trip its armature, for its restrain-
ing coil remains under current.
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In order to switch the load from the reserve generator to the basic
generator it: 1§ necessary to press the button KH., Then the relay PD is
tripped, by its contacts it switches the load to the basic module and
switches on the green light L (Zel).

If the basic generator G-3,8 fails during operation, the polarized relay
Po_3.8 is tripped which, throwing the armature to the right contact,
creates the operating circuit of the relay Pp. The contacts 52-53 of the
relay Pp connect the load to the output of the reserve module, and the
contacts '12-13 connect the signal light Lj.

The relay Pp (emergency signal) does not succeed in responding in this case,
for the relay Pg_3 g immediately throws its armature as soon as voltage
begins to go from the reserve module to the rectifying bridge. If the
signal also drops on the reserve module output, then the contacts 11-12

and 51-52 of the relay Pg close the emergency signal circuit and the "no
ring" signal.

The diode Dj prevents response of the "no ring" signal from the voltage
coming to the general bay signal over the other emergency signal circuits.

The operation of the relay assemblies of the harmonic generator and the
group carrier repeater will be considered jointly.

These assemblies (Fig 6.25) include the polarized relay Pygys three RPN
type relays: the Ppp relay, the contacts of which connect +250 volts of
anode voltage either to the basic or to the reserve harmonic generator;
the relay Pp which switches +250 volts of anode voltage to the basic or
the reserve module of the group carrier repeater, and the relay Pp which
includes the emergency signal with respect to two lights for the harmonic
generator and the group carrier repeater and two buttons.

Before the appearance of a voltage at the output of the harmonic generator
and, consequently, the group carrier repeater module, the polarized relay
Pycy connected through the rectifying bridge to the outputs of the basic

and reserve group carrier repeaters does not operate. The armature Pygyn

is at the right contact, the operating windings of the relays Py and Py

are deenergized, by the quiescent contacts 11-12 51-52 the relay Py

forms the general bay signal circuit, and also the operating winding circuit
1-2 of the relay Pyp.

The relay Ppp responds and is blocked by its contact 31-32 forming the
circuit for the winding 4-5; the contacts 52-53 are used to feed .+250 volts
to the anodes and the shielding grids of the tubes 6P3S of the output
stage of the harmonic generator amplifier; the contacts 12-13 are used

to include the tube Lj of the harmoric generator complex.
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Thus, in the first step the reserve harmonic generator amplifier is
prepared for operation. From the two group carrier repeater modules, the
reserve is also prepared for operation, for the quiescent contacts of the
relay Ppg are used to feed +250 volts to the anodes and the shielding grids
of the tubes 6P9 of the output stage of the UGN [group carrier amplifier].
The operation of the reserve module is noted by the white light burning on
the UGN complex.
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Figure 6.25. Relay assembly for switching the harmonic generator
and the group carrier repeater

Key:
1 -- 4250 volts; 2 -- Basic harmonic generator; 3 -- Reserve harmonic
generator; 4 -— L7(Zel) ~- Green signal light; 5 -- ~24 volts;
6 -- Lg(Kr) -- red signal light; 7 —- basic harmonic generator

module; 8 —-general office signal; 9 -~ - 24 volts; 10 -~- rectifying
bridge; 11 —-Pygys 12 -~ To the differential system; 13 —— UGN output;
14 -~ basic; 15 — reserve; 16 -- differential system module;

17 -- right;18 -~ armature; 19 — left; 20 -- To the reserve UGN;
21 -~ To the basic UGN; 22 — Ground from the basic UGN; 23 -~ Green
signal light; 24 —- Red signal light
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In the second step of operation after heating of the generator equipment
tubes, the 70th harmonic goes from the output of the reserve harmonic
generator, it is amplified by the reserve group carrier repeaters, and it
is fed to the rectifying bridge. The polarized relay Pygy responds, and
it throws its armature to the left contact. The Pp relay circuit closes,

. and the Py relay response circuit is prepared. The relay P) responds,
and by its contact 31-32 it short circuits its own winding 1-2, which
slows the tripping; the contacts 11-12 and 51-52 break the emergency signal
circuit and the circuit of the operating winding of the Pge relay.

For conversion to the basic modules it is necessary to press the buttons
KHj and KHjy. On pressing the button KH; the relay P, responds and it is
blocked by its own contacts 31-32; by the contacts 5%—53 the anode voltage
of +250 volts is fed to the basic module of the group carrier repeater,
and by the contacts 13-12 the tube L4 of the UGN complex is included.

When the button KHj is pressed, the relay Pgg trips, the contacts of which
send +250 volts to power the tubes of the basic GG [harmonic generator]
module, and the tube Ly of the GG complex is switched on.

- On failure of the basic harmonic generator, the group carrier amplifier
simultaneously stops working. The relay Pyay 18 tripped. The relay Py is
also tripped, but with a delay as a result of the shunt on its winding

1-2. This delay in tripping the relay Pp is needed so that in the case of
accidental short-term surges of group carrier voltage its contacts will not
switch.

The relay Pg also trips its armature, the anode voltage is switched to the
reserve amplifier, and the light L5 of the UGN complex burns. The relay Paa
responds, switches the anode voltage to the reserve harmonic generator,

the light Lg burns, the general-bay emergency signal operates. The relay
assembly operates analogously on failure of the group carrier repeater.

Thus, when there is a failure in the basic harmonic generator or the group
carrier repeater the switching to the reserve module takes place jointly.

In this case the lights Lg and Lg burn, and the general bay signal goes into
operation.

When the harmonic generator stops operating as a result of damage to the
ZG master oscillator modules or when the synchronizing frequency stops
from the other office the signal lights burn on both of the harmonic
generator modules, and the emergency signal responds.

The diagram of the relay assembly of the master oscillator is analogous

to the diagram of the relay assembly of the signal frequency generator,
and it is not described here.
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6.8. Intermediate Repeater Statioms

The intermediate repeater stations are installed to increase the communica-
tions range over the trunk and they are designed to compensate for attenua-
tion and frequency-amplitude distortions introduced by the preceding section
of the cable circuit.

The section of the cable circuit included between two adjacent repeater
stations is called the repeater section. The length of a repeater section
depends on the physical properties of the cable and the type of multiplexing
equipment. When determining the admissible length of the repeater section
we begin with the fact that its attenuation must ibe numerically equal to the
gain of the repeater station. The latter is determined on the basis of the
minimum and maximum transmission levels permissible in the circuit.

In the KRR-M equipment the difference between the maximum and minimum group
signal levels can be 50.9 decibels (5.85 nepers) at the highest frequency

of 548 kilohertz. Thils means that the gain of the repeating station and,
consequently, the attenuation of the repeating section can also be 50.9 deci-
bels. TFor the MKS type cable this corresponds to a length of 13 km.

The composition of the equipment installed at the tandem office is determined
by its purpose --— compensation of the attenuation and the frequency-amplitude
distortions introduced by the repeater section. For this purpose repeaters
are used with a set of equalizing circuits. The KRR-M equipment is a
two-band communications system; therefore the routing filters D-280 are
installed at the repeater station. For matching the equipment of the tandem
station with the cable circuit, line transformers are installed at the

input and output of the station. ] :

12-248  -5653.
—_—

X780 T9cp Br By K280
: JE-548
Figure 6.26. Structural diagram of the intermediate repeater
station of the KRR-M equipment
Key:
1. Line transformer

The structural diagram of the repeater station is shown in Fig 6.26. In

theldirection of transmission of the lower frequency group (12-248 kilo-
her?z) the group signal, passing through the line transformer LTp and the
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routing filter D-280, is amplified by the group repeater I'Ycy and it is
equalized by the set of equalizing circuit sections. By means of attenuators
and continuous gain control the transmission level at the output of the
group repeater is set equal to -6.65 decibels (-0.65 nepers). The routing
filter D-280 and line transformer are included after the repeater, on
passing through which the frequency spectrum of 12-248 kilohertz is trans-
mitted to the next repeater section.

In the direction of transmission of the upper frequency group of 312-548
kilohertz, the schematic of the repeater station completely corresponds to
the schematic of the receiving channel of the terminal office A. Between
the routing filters K-280 at the input and output of the station a group
repeater GYc2 and auxiliary repeater BYcy are included. If the length of
the trunk of the MKS type is less than 12.5 km, the auxiliary repeater can

- be left off. By using attenuators and continuous gain control the trans-
mission level of this direction is fed equal to -21.75 decibels (~0.25 nepers).

For equalizing the frequency~-amplitude distortions of the signal the spare
parts kit for the intermediate station has elements of line equalizers

for the frequency range of 12-248 kilohertz by 1.74, 3.48, 10.44, 13.82
decibcls and for the frequency range of 312-548 kilohertz by 3.48, 5.65,
7.83 decibels.

Two repeater stations and a feed plate are installed on each bay of inter-
mediate repeaters. The layout of the plate is considered below.

6.9. Group Channel Equipment

The group channels of the terminal offices of the KRR-M equipment contain
the following: group and auxiliary repeaters, group converters, line
transformers, group and routing filters. The intermediate repeater stations
are made up of line transformers, routing filters, group and auxiliary
repeaters.

All of the group equipment modules are four-terminal networks with input
and output impedances of 75 ohms. The line transformerscalculated for
operation between loads of 75 and 160 ohms constitute an exception.

- In the KRR-M equipment the group and auxiliary repeaters of two types are
used: the lower frequency group GYcj and BYcy and the upper frequency
group GYcy and BYc) designed to amplify the currents in the spectral from
12 to 248 kilohertz and from 312 to 548 kilohertz, respectively. The like
repeaters for the lower and upper frequency groups do not differ from each
other either in structural or in schematic respects. Only the ratings of
the individual elements are different. All of the repeaters, with the
exception of BYc; are used at the type A and type B terminal offices and
also at the intermediate repeater stations. The auxiliary repeater of
the lower frequency group BYcj is installed only at the type B terminal
offices.
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When using repeaters at the terminal offices the filaments of the repeater
tubes are included in parallel, and when using this at the intermediate
repeater stations the filaments of the repeater tubes of the two repeater
stations (four group and two auxiliary) are connected in series.

The feed for the repeaters of the terminal offices is from the group
equipment power pack PITGUc, and the intermediate stations, from the MP
local power or DP remote power plate.

Let us consider the schematic diagram of the group repeater GYcj at

12-248 kilohertz (Fig 6.27). The repeater is assembled by the three-stage
circuit from four 6ZhlP tubes. At the input of the repeater is a step-up
transformer with transformation coefficient of 1:7. Its purpose is to
match the output of 30 channel transmitters with high-resistance input of
the repeater tube. The required magnitude of the input impedance of the
repeater of 75 ohms is achieved using the resistors R26, Ry included in
parallel to the transformer windings. The repeater is assembled with
respect to the rheostat-capacitive circuit (the repeater based on resistors).
The individual elements of the stages have the following purpose: the
resistor R3 is the anode load of the first stage from which the amplified
voltage is picked up and it is fed to the following stage (in the second
stage the anode load is Rjp). The resistor Rj and the capacitor C; consti-
tute the feed filter of the anode, and the resistor Rg and the capacitor C3,
the feed filter of the shielded grid (in the second stage Rg, C4 and Ryg,
Cg, respectively). The required magnitude of the feed voltages of the
anodes and the shielded grids of the tubes Lj and Ly is insured by means

of these resistors.

4
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Figure 6.27. GCroup repeater for 12-248 kilohertz
Key:
1. +150 volts
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The resistors R, and Rg create automatic bias on the control grid of the
tube Lj and simultaneously negative current feedback in the first stage.
Here a significant role is played by the resistor R,, for Rg has a small
value and 1s used to measure the cathode current of the tube in the socket
FHl.

In the second stage for measuring the current in the socket I'H, the
resistor Ryp is used; the automatic bias is provided by the resistor Rjj

- which for the variable component of the current is shunted by the
capacitance C5, as a result of which the negative feedback is absent in
this stage.

- The capacitor C3 between the first and second stages 1s separating; Ry 1is
the leakage resistance of the second stage.

The third stage — the power amplifier -~ is made from two tubes included
in parallel, Using the resistor Rpg, a bias and negative current feedback
are created automatically; the resistor Ry has small resistance and is
used to measure the cathode current common to the tubes L3 and L4. The
purpose of the remaining resistors and the capacitors is analogous to that
described in the first two stages.

In addition to the individual negative feedback in the first and third
stages, the amplifier is encompassed by common negative feedback, that is,
the feedback from the output stage to the input stage. The common feedback
circuit is formed by the Ill-type four-~terminal network made up of the
resistors of the first (R4, Rg) and the third (Rpg, Rpj) stages included

' in the cathode and connecting the resistors R13, R14’ Ris.

It is possible to use the variable resistor Ry3 to smoothly regulate the
gain of the amplifier by +4.35 decibels (0.5 nepers) with respect to its
mean value of 49.5 decibels (5.7 nepers). The deep negative feedback
stabilizes the gain and decreases the nonlinear distortions of the amplifier.

In order to match the output of the amplifier to the subsequent channel
element (see Fig 6.5) a step—down transformer Tpy with transformation
coefficient of 7:1 is used. By means of the resistors R and Rp3 the output
impedance of the amplifier becomes equal to 75 ohms. The choke Dp, -the
resistor Ry4 and the capacitors Cg and Cj( are used as the feed filter.

The 12-248 kilohertz repeaters are installed both on the terminal equipment
bays and at the intermediate repeater stations,

Fig 6.28 shows the diagram of a group repeater of the upper frequency
group installed in the receiving channels of the terminal offices. The

repeater has a differential output transformer permitting two outputs
uncoupled from each other to be formed for the even and odd channels.
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Figure 6.28. Group repeater for reception on 312-548 kilohertz
Key:
1. +160 volts
2. 160 volts

— * %1508
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Figure 6.29. Auxiliary repeater
Key:
1. +160 volts
2. ~6.3 volts

The auxiliary repeater for the lower frequency group BYcy is executed by
the single~stage circuit (Fig 6.29) from the 6ZhlP tube. The purpose of
the individual elements of the repeater is analogous to that previously
investigated. The maximum gain of the repeater is equal to 15.6 decibels
(1.8 nepers) and is smoothly regulated by the variable resistor Rs forming
current feedback. The adjustment limits are +0.87 decibels (0.1 nepers).
The diagram of the auxiliary .repeater for the upper frequency group does
not differ theoretically from that presented and is not considered here.
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It was pointed out above that the group multichannel signal running through
the communications channel undergoes different attenuation on different
frequencies. The repeaters amplify all the frequencies identically, that
is, they have planar gain control. This leads to the appearance of ampli-
tude-frequency distortions of the signal. For correction of the distortions
- introduced by the cable network, the correcting four-terminal networks are
- connected in series to the repeater -- equalizers with frequency character-
istics inverse to the characteristics of the cable network. The equalizers
are made up of sections differing from each other by the steepness of the
slope of the frequency characteristic and the frequency band. The sections
of the equalizers are made of inductance coils of the OBR-12 type, mica
capacitors of the SSG and the SMGZ type and resistors of the BLL type with
respect to the unbalanced circuit. The input and output impedances of the
section are equal to 75 ohms. The sections of the equalizers enter into the
composition of the group repeater modules, Thus, the equalizers of the
upper group of channels enter into the set of modules containing the
repeaters of the group of chanmels GYcy and BYcy. The sections of these
equalizers are made with obliqueness of the attenuation on the lower and
upper frequencies (312 and 548 kilohertz) by Ba: 3.47 (0.4), 5.65 (0.65),
6.9 (0.8) and 8.7 decibels (1.0 nepers). For correction of distortions of
the lower channel group (12-248 kilohertz), the set of sections for Aa is
used: 3.47 (0.4), 10.4 (1.2), 12.2 (1.4), 13.9 (1.6) 17.4 decibels (2.0
- nepers).

In the set of equalizers there are also sections designed to correct the
distortions introduced by two series-connected routing filters DK-280, one
of which 1s connected to the transmitting and the other at the receiving

_ stations (for example, two filters of the D type or two filters of the K
type). The sectiors of the equalizers are designed so that for any length
of the repeater section the distortions introducei by the cable network are
compensated by two sections, the distortions of the filters are compensated
by a third section. The fourth section is an attenuator made up of only
ohmic resistances and introducing identical attenuation on all frequencies.

_ Step level control of the signal is accomplished by means of the attenuator.
The required equalizer sections are selected when establishing the level
diagram for the main line including the terminal and the intermediate
repeater stations,

The DK-280 routing filters are used to separate the transmission and recep-
tion spectra of the upper and lower frequency groups. Both filters are
made structurall in the form of a separate module.

- Inasmuch as both filters are included on the line side in parallel, and the
opposite signals have a large level gradient [for example, -7 decibels
(-0.8 nepers) at the D-280 filter output and -53.9 decibels (-6.2 nepers)
at the K-280 filter input], the filter characteristic must insure high
protection from the crosstalk., Each filter must introduce no less than
60.8 decibels (7.0 nepers) of attenuation for the currents of the effec-
tively transmitted band of the other filter (the D-280 filter in the
312-548 band, and K-280 in the 12~248 kilohertz band). On the frequencies
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- of its effectively transmitted band the attenuation of each filter must
not exceed 1.3 decibels (0.15 mepers).

Fo =SB0 #lu

Figure 6.30. Group frequency converter
Key:
- 1. Fy=560 kilohertz

For limitation of the nonlinear distortions, air-gap coils are used in the
filters. When tuning the filter circuits the coil inductance is regulated
by introducing ferrite core.

The filter circuit is made up of shielded sections of the k and m type.

The housing serves as the return wire and the common shield. The module is
connected to the bot:tom by means of a maximum number of connecting blocks
(6), some of which are connected in parallel. This block commutation per-
mits inclusion of the assemblies of the equipment by rearranging the blocks -
without changing the intermodular wiring.

The group converters are installed at the terminal offices: in the trans-
- mission channel of office A and in the reception channel of office B. In ~
the former case they realize the shift of the group spectrum of 312-548
kilohertz to the 12-248 kilohertz range, and in the latter case, vice versa.
The group carrier is 560 kilohertz.

The converters are assembled in a ring circuit based on dicdes of the
- D2V type, two diodes in each arm (Fig 6.30).

6.10. Electric Power Supply for the Equipment o -
Equipment Composition

The electric power supply of the KRR-M equipment comes from the 220 volt

AC network. The power supply equipment is made up of converting trans-
- formers, rectifiers and filters. The following feed devices are installed
in the SIG-1M terminal bay: the generating equipment feed plate (PITGO),
the group equipment feed module (repeaters) of the 30-channel system
(PITGU), the power pack for the individual equipment of the 30 channels
(PITIO). In the SIG-30M bay there are group and individual equipment
power packs. In addition, each SIG-IM bay is assigned a ferroresonance
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voltage stabilizer of the 5-0,9 type, the power of which 0.9 kilowatts

is sufficient for operation of one SIG-IM bay, three SIG~30M bays and

the remote feed transmigsion plate, The latter is executed in the form
of a separate device.

The intermediate repeaters can receive power either from a local source
(SPU-2M) or remotely (SPU~2D). In the former case the local feed plate

- MP is installed, on the intermediate repeater bay; in the latter case, the
remote feed plate DP,

= The control signal receiver circuits PSU of the transceiver module are
-fed from the office batttery at -60 (tg) volts.

Voltage Stabilization

During operation of the equipment the network voltage can vary with
insignificant limits. In order that during this variation the vcltage
coming to the electric power units of the equipment remain in variant,
a ferroresonance voltage stabilizer is installed to insure an output
voltage within the limits of 215-220 volts.

= The effect of the ferroresonance stabilizer is based on the phenomena of
' magnetic saturation and voltage resopance, and it can be explained by

_ Fig 6.3la. The stabilizer contains a transformer with a decreased core
cross section, as a result of which the saturation mode is created in it.
In this mode the inductance of the primary winding L] decreases sharply
with an increase in current. Subsequently, the capacitor C is connected

B to the primary winding. The capacitance of this capacitor is selected so

that for the greatest possible voltage in the network the circuit made up

of the series-connected Lj and C will have resonance on a frequency some-

what above the network frequency of 50 hertz. This frequency is defined by

the formula £  =1/2m/L;C.

With a decrease in the network voltage, the current I; decreases, but the

inductance L; increases, and the resonance frequency fr,q is reduced and

approaches 50 hertz. The resonance condition, as is known, is equality of
= the ‘generator frequencies (in the given case the network) and the circuit
frege Only in this case will the greatest current slow in the circuit.
Thus, in response to the decrease in the input voltage, the inductance Ly
increases, and the resonance frequency decreases, approaching the network
frequency, as a result of which the resistance of the circuit decreases,
and the current I; increases.

With an increase in the input voltage the inductance Ly decreases, and the
resonance frequency increases and is removed still more from the network
frequency. In turn, this will increase the circuit resistance and decrease
the current Ij, The processes of decreasing and increasing the current
mutually compensate for each other, as a result of which the invariant
value of I; 1s maintained, and, consequently, the output voltage uy of

the secondary winding is stabilized (Fig 6.31b).
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Figure 6.31. Explanation of the operating principle of a
ferroresonance stabilizer

Along with the advantages of the ferroresonance stabilizersit is necessary
to consider their basic disadvantages: the shape of the output voltage of
the stabilizer as a result of its operation in the saturation mode is
distorted, which leads to the appearance of harmonics of the network voltage
frequency; near the stabilizers powerful variable magnetic fields occur
which can create interference; large weight and size with significance power;
high cost; great release of heat.

Generating Equipment Feed Plate (PITGO)

The generating equipment feed plate is designed to feed all of the generating
modules of equipment. The schematic of a plate is presented in Fig 6.32.

A power transformer is installed on the plate, the second winding of which

is fed an AC voltage of 220 volts from the stabilizer. There are five
secondary windings.

The first winding is used to obtain the AC voltage of 250 volts. This voltage
is rectified by the rectifier (BYj) assembled from silicon diodes, two in
each arm of the bridge for high operating reliability. As a result of

large scattering of the diode parameters, the diodes are shifted by resistors
which equalize the return voltages between them., For smoothing the pulsa-
tions of the rectified current there is a two-section choke filter Dpj;

Dpp; C3~C4. At the filter output 250 volts of DC voltage is formed which is
required to feed the anode circuits and the shielded grids of the powerful
6P3S and 6P9 tubes of the output stages of the amplifier modules of the
harmonic generator, the group carrier repeater and the signal frequency
generator. The output voltage is regulated by the variable resistance Rj.
The current in the load can reach 0.4 amps.

The second output winding is used to obtain an anode voltage of 160 volts
required to feed the 6ZhlP tubes. = The rectifying bridge BY, is assembled
from: the same silicon diodes as BY,. The pulsations are smoothed by the
two~section filter. The output voltage can be regulated smoothly by the
resistance Ryp. The normal load current is 0.35 amps.
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Figure 6.32. Generating equipment feed plate
B Key:
- 1. 250 volts 6. ~6.9 volts, 8 amps

2. ~220 volts

3. On the ZIS plate
4. 160 volts

| 5. 24 volts

B The third winding is used to obtain a DC voltage of 24 volts with a

- normal load current of 1.2 amps. This voltage is Insured by the rectifier
BY3 ~- the selenium colump of the BM-16A2 type and the smoothing filter
Dps, C7—C1 » and it is used to feed the signal circuit of four 30-channel
systems. 8n the same winding there is a lead from which the AC voltage of
24 volts is picked up to feed the heating elements of the thermostats of
the master oscillators. :

The fourth and fifth windings provide an AC filament voltage of 6.3 volts
for the tubes of the basic and reserve modules of generator equipment.
The load current of each output is 8 amps, A commutator tube L, is

connected in parallel to one of the outputs for a control, From each plate
output the voltage is fed through breakers located on the ZIS plate to the
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corresponding generating equipment modules and to the voltmeter which
monitors all of the voltages generated by the electric power supply devices.

Group Equipment Power Pack of the 30-Channel System
The group equipment power pack is designed to feed group and auxiliary
repeaters of the terminal stations. This pack is located both in the

SIG-1M bay and in the SIG-30M bays. The diagram of the module is presented
in Fig 6.33. The module generates 160 volts DC and 6.3 volts AC.

o (S,
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~2008%5 2 0'124)
5 :
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I'{II!
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Figure 6.33. Group equipment power pack
Key:
1. ~38 volts, 0.55 amps
2. ~6.3 volts, 1.75 amps
3. To the OSL
- 4, 160 volts, 0.1 amps

The primary winding of the power transformer is fed from the 220 volt AC
voltage stabilizer. There are three secondary windings. A voltage of
160 volts is picked up from the output of the first winding. This voltage
is rectified by a silicon diode rectifying bridge, it is filtered by the

_ two-section filter Dpj, Dpys C3, C2, and it is fed to the anode and grid
circuits of the 6ZhlP tubes. The voltage is regulated by the variable
resistance Ryp. The load current is 0.1 amps.

The secondary winding of the transformer insures that an AC voltage of

38 volts will be obtained, which is used in cases where the module is

installed on the old-model bays (KRR).

From the output of the third winding 6.3 volts of AC voltage are obtained
- to feed the filament circuits of the group and auxiliary repeater tubes.

The load current is 1.75 amps. The tube Ly is included in parallel to this
winding to signal normal operation of the module.
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A control relay P is included at the output of the filter. During normal
operation of the module it operates, receiving power from the rectifier
through the additional resistance Rj. The contacts 1-2 of the relay P
break the circuit of the signal tube Ly, and the contacts 3-4 open the
general bay signal circuit.

If there is a fdilure in the module, for example, in the case of overheat-
ing of the breaker or in the absence of a rectified voltage, the relay P
trips and its contacts include the corresponding signal.

Individual Equipment Power Pack

The individual equipment power pack (Fig 6.34) is designed to feed the
modulators, the demodulators and the low-frequency amplifiers of the trans-
ceivers of the 30 channels. The module generates a 15 volt DC voltage
with a normal load current of 0.8 amps. The module includes a transformer,
a rectifying bridge based on silicon diodes and a smoothing filter.

o_/71{ , by F _-1;75(‘2)
~2208 h
3)
"
248 cuzn
(4 .
) Koen (1)

Figure 6.34. Individual equipment power pack
Key:
1. To the OSL
2. ~15 volts
3. ~220 volts . e
4, 24 volt signal

The signal relay P is connected in parallel to the output. During the
normal operation of the module this relay is under current and does not
offer the possibility of formation of an emergency signal by the circuits.
The tube Ly burns on the panel of the module. When the output voltage
drops, the relay is deenergized and tripped. The circuits of the signal
tube L2 are created from the 24 volt voltage fed from the PITGO plate

an the module and the general bay signal.

Remote Power Transmission Plate
The remote power transmission plate (PDP) contains two identical rectifiers

BY; and BY, (Fig 6.35), each of which provides two intermediate repeater
stations with power.
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Figure 6.35. Remote power transmission plate

A voltage of 220 volts from the AC network is fed through a stabilizer to
the primary windings of the power transformers Tpl and Tpy. The rectifying
bridges assembled from silicon diodes are connected to the secondary wind-
ings of the transformers. The rectified voltage pulsations are smoothed
by the two-section filters. A control milliammeter is connected to the
resistors R] and Ry included at the output of the filters using the

, toggle switch B. The resistors Rg and Rg are used to regulate the
voltage of the plate. The maximum remote feed voltage is 270 volts for a
current of 0.35 amps.

The tubes L] and L, signal the presence of an AC voltage at the plate
input.

When the remote feed current drops, the relay P;(P,) at the plate output
trips, and by its contact it commects the ballast resistance R3 or Ry
to the rectifier, it switches on the tube L3(L4) and creates the general
bay signal circuit. )

The remote feed voltage is fed from each plate output to the midpoints -of
the 1ine windings of the line transformers installed on two multiplexed
circuits (Fig 6.36), and it is transmitted over the same pairs as the
high-frequency signals. For prevention of crossover of the group signal
currents from one circuit to the other through the remote feed devices
the filters D-8 are conmnected to the midpoints of the transformers. For
high-frequencies of the group signals these filters create a large
resistance and insure the required protection between the circuits.
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Figure 6.36. Connection of remote feed circuits and the
link between operators to the line transformers

Key:
1. Line transformer - LTpj
2. Line transformer - LTpp
3. Group spectra
4, D-8
5. Audio-channel of the link between operators
6. PDP - remote power transmission plate

For organization of the low-frequency channel of the link between operators,
the phantom transformer Tp is installed. The capacitor C connected in series
with its winding does mot permit closure to the direct current of the
remote feed through the transformer.

For reception of remote feed of the unattended repeater stations in the
SPU-2D bays remote feed reception plates are installed which are designed
to feed two repeaters. The voltage at the plate output is 160 volts with
a load current of 0.35 amps. This DC voltage is used both to feed the
anode circuits and the filament circuits:y Inasmuch as the filaments of
all of the tubes of the two repeaters (a total of 18) are connected in
series, the voltage required to feed them is 6,3-18=113.4 volts.

Local Feed Plate of the SPU-2M Bay

The MP local feed plate is installed on the SPU-2M intermediate repeater
bays. The MP plate (Fig 6.37) is designed to feed two repeaters and
operates from the 220 volt AC circuit. On the plate there is a ferro-
resonance stabilizer formed by the choke Dpj, the capacitor Cj and C3

of two microfarads each and the power transformer Tpj. The rectifier is
assembled from silicon diodes. After the two-section smoothing filer there
is a relay Pj, the armature of which is pulled up during normal operation.
By the contact 31-32 of this relay the repeater feed circuit is formed.
The relay P, in the feed circuit also operates. After the resistor Ry
the rectifier voltage of 160 volts is fed to the anode circuits of two
repeaters, For decoupling these circuits the voltage is fed to one of the

feeders directly from the plate output, and to the other through two half-
sections of the D-8 filter. ' ' '
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Figure 6.37. Local feed plate

Key:
1. ~220 volts
2. To the general-bay signal
3. KG3-3
4, +160 volts

The filament circuit formed from the series-connected filaments of all
18 tubes of the bay is connected in parallel through the resistors Rg and
R5. The resistor Rg is used to obtain a voltage of 6.3x18=113.4 volts.

The socket TH; is used to measure the entire load current, and TH2, to
measure the current in the chanmel circuit.

There is a signal circuit on the plate, The tube Ly signals the presence
of a network voltage and the state of repair of the protectors Prj and Pra.
The relay P; connected in series to the load is under current in the
operating state of the plate. When the load circuit is broken, the relay
is released, the light Ly burns and the general bay signal circuit is
created. ‘

The plate provides for automatic switching to reserve power and switching
back to the base power. The reserve power can come from the DC battery,
the positive terminal of which must be connected to the KG3-3 terminal.
When the AC voltage drops, the relay P; releases, breaking the feed
circuit from the rectifier and including the battery by the contact 51-52.
If the battery voltage differs from 160 volts, the variable resistance Ra
is used to set the required amount. On appearance of a voltage at the
output of the rectifier, automatic switching to this voltage takes place.
In addition to the feed circuits, on the plate there are two phantom
circuit transformers for the link between operators. If there is a

transistorized repeater in the equipment of the link between operators,
it receives power (-24 volts) through the resistor Rj3.
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- Test Questions

1. What is the purpose and the basic technical specifications of the
KRR-M equipment?

2, How are the channel frequencies distributed in the line spectra of
offices A and B?

3. Enumerate the composition of the terminal and intermediate station
equipment.

4. What is the purpose of the technical specifications of the individual
equipment?

5. Explain the current transmission, the purpose of the assemblies and

modules of transmitting and receiving channels of the type A and type B
stations.

6. Explain the purpose, the basic technical specifications of the
intermediate repeater station, its equipment composition and the current
transmission of the signal of the upper and lower frequency groups.

7. Explain the purpose of the static relay, its operating principle and
the basic characteristics of the signal channel.

- 8. Explain the structural diagram of the generating equipment of the
terminal station, the purpose, the technical characteristics and the
operating principle of all modules.

9. Explain the purpose, the composition of the equipment and the operating
Principle of the relay assemblies for switching the signal frequency
- generator, harmonic generator and group carrier repeater,

- 10. Give the equipment composition of the electric power supply devices,
feed voltages used in the equipment and the peculiarities of obtaining them.

11. Explain the purpose, the electrical characteristics and the schematic
of the transceiver module.

12. Explain the purpose and the frequency characteristic of the D-3,4
filter on the transmitter plate.

_ 13. ZIxplain the phase-difference circuit for suppression of the lower
modulation sideband in the channel transmitter,

g 14. Explain the purpose, electrical characteristics and the schematic
peculiarities of the basic receiver plate assemblies.
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15. Explain the purpose, the electrical characteristics and the schematic
peculiarities of the structure of the PSU.

16. Give the equipment composition of the group channels of the terminal
and intermediate stations.

17. Explain the purpose, the basic electrical characteristics and the
structural diagrams of the group and auxiliary repeaters, the group con-
verters, and the routing filters.
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CHAPTER 7. KRR~T (KAMA) EQUIPMENT
7.1, General Information

The KRR-M equipment has group, intermediate and generating equipment made
from electronic tubes which is a serious deficiency, lowering its reliability,
Therefore, in 1968-1970 a completely transistorized analog of the KRR-M
equipment was developed — the KAMA equipment (the cable equipment mul¢i-
plexing local automatic telephone exchanges) and the series output of this
equipment was started.

The KAMA equipment, just as the KRR equipment, is designed to multiplex the
trunks of the city and suburban telephone exchanges with 30 two-way
telephone channels. The equipment 1s designed to multiplex symmetric

cable pairs with cordel-styroflex insulation of the conductors (type

* MKS 7x4x1,2 and MKX 4x4x1,2) and also the single-quad cables with polyethylene
insulation (type VTSP 1x4x1,2 or KSPY 1x4x0,9) with respect to the single-
cable, two-band system in the spectrum to 545 kilohertz., The maximum
communications range can reach 80 km with six repeater sections with an
average length of 13 km each, Inasmuch as the same structural principles
are used in KAMA equipment as in the KRR, the procedure for establishment
of a gsubscriber connection over the trunks formed by the KAMA equipment
channels is identical with that discussed earlier for the KRR equipment.

The distinction of the KAMA equipment from the KRR equipment is the follow-
ing. In the KAMA equipment all of the group, generating and tandem equip-
ment 1s built using transistors, automatic level control (ALC) and group
channel monitoring devices which provide for determination of the damaged
route and inclusion of a signal in the case of damage to the channel. In
accordance with the standard requirements, in the KAMA equipment the fre-
quency of the segregated signal channel has been changed from 3800 hertz to

master oscillator or the synchronization network. In addition, in the
KAMA Equipmenf a devicé hag been introduced for organizing the link between
operators by a phantom circuit or a high-frequency channel, and the
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structural design of the equipment of the terminal and intermediate
- stations has been changed.

Inasmuch as the occupied frequency bands and the transmission levels are
identical in the KAMA equipment and the KRR equipment, joint operation of
the KAMA and KRR equipment on different pairs of the same cable is possible.
However, the introduction of ALC and GCM [group channel monitoring] and
also changing the signal channel frequency complicates the joint operation
of the terminal offices of the KAMA equipment and the KRR-M equipment on
one circuit. This type of inclusion (without ALC and GCM) is permitted
only as an exception where in order to reduce the distortions of the trans-—
mitted number dialing pulses in this case it is recommended that a frequency
of 3800 hertz be transmitted over the signal channel of the KAMA equipment
(from the KRR equipment generator), and a frequency of 3825 hertz over the
signal channel of the KRR equipment (from the generator of the KAMA equip-
ment).

7.2. Equipment Composition and Structural Peculiarities

The composition of the terminal equipment of the KAMA equipment includes
only one type of individual and group equipment bay SIG. The following

are placed in this bay: three static relay modules CP; the line transformer
module LTp; the DK~280 routing filter module; the transmission module of
office A (at office B, the transmission module of office B); the reception
module of office A (at office B, the reception module of office B); the
D-552 filter module, the PI-8 synchronizing signal transmission module; the
PIT power pack, the ALC and, GCM module of office A (at office B, the ALC
and GCM module of office B) and 30 transceiver modules.

The generating equipment of the KAMA equipment is segregated in a separate

bay -- the generating equipment bay SGO which provides up to four SIG bays

(120 channels) with carrier, control and signal frequencies. The SGO bay

= composition includes the following: the phantom transformer module ¢Tp
(nonremovable module); two PIT power packs; two ZG master oscillator modules
(at office B, one module); the PY decoupling module, two GG harmonic

- generator modules; 16 GIN individual carrier frequency generator modules;
two 296 kilohertz G-296 frequency generator modules; two 304 kilohertz GKCh

- control frequency generator modules; two 560 kilohertz UGN group carrier
frequency repeater modules; two GIV (frequency 3825 hertz) ringer oscillator
modules (in the KRR-M equipment these modules are called G-3,8), the KY

= monitoring module and two PVU-1 and PVU-2 speak-buzz key modules.

The equipment installed at the terminal offices also includes the remote
power transmission bay SDP designed for four remote power circuits of
8 30-channel groups (with respect to a phantom circuit) and the common

row bay ORS in which the following are placed: the row . signal unit, the
idle time counters for the system, auxiliary equipment and accessories.
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The frames of all types of bays are identical, and they are in the form of

a vertical welded frame 2600x500 mm in size., The modules are placed along

the frame vertically on two sides in a single row on each side. There are-

no trays in the bay; the modules are inserted in the bay along special

guldes serving simultaneously for attachment of the modules and for attach- -
ment of the cable in the frame., The modules are connected to the frame

by 5~pronged jumpers just as in the KRR equipment., All of the modules are
made in two types of sizes: 98x88x245 mm and 198x88x245 mm with respect

to one structural principle. The wiring of the modules is basically printed
circuitry. The dimensions of the bay with the inserted modules (2600x250x240
mn) permit placement of 600 channels of KAMA equipment in a single row as
opposed to 480 channels of KRR equipment,

The intermediate KAMA equipment is placed in the intermediate repeating

bay SPU. The SPU is made in the form of a frame with attachments for
fastening four sets of intermediate repeaters. Each of the assemblies
provides for two-way repeating of 30 channels of KAMA equipment and it
includes the following: two line transformer modules, two DK-280 filter
modules, the lower group repeating module, the upper group repeating module,
the power pack and ALC module installed in the middle repeating station in
the B-A direction with communications length of more than 50 km.

For matching the KAMA equipment with the ten-step system or the crossbar
system, the same RSLU relay assemblies are used as for matching the KRR
equipment.

7.3. Construction of Group Channels of the Terminal Offices
Transmission Channel of Office A

The structural diagram of the group channel of office A of the KAMA equip- -
ment is shown in Fig 7.1.

The individual equipment of each office is made up of 30 transceivers

(M). Carrier frequencies that are multiples of 8 kilohertz are fed to the
Il converters from the SGO bay. The carrier frequency of each chanmel,
just as in the KRR equipment is determined by the formula f. ryier=304+8n
kilohertz where n is the channel number. As a result of conversion at

the output of each channel upper modulation sidebands are formed; the

lower sidebands are suppressed by no less than 25 decibels (2.9 nepers),
and the carrier frequemcy, by no less than 14.8 decibels (1.7 nepers).

The outputs of the tiansmitters of all 30 channels are connected in parallel;
as a result a signal with a spectrum of 312-548 kilohertz is formed at the
input of the group channel.

The group signal goes from the NI modules to the D~552 module containing
the D-552 low-frequency filter, the summing transformer Tp, the feed
elements Ry, D; and Cy of the 30 terminal stages of the transmitters and
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two attenuators Udly and Udl, for input of the control frequency of 304 kilo-
hertz to the group channel and the auxiliary frequency of 312 kilohertz.

The D-552 filter limits the frequency of the group signal at the top (a
frequency of 552 kilohertz), suppressing the side conversion products of

the individual channel modulators. The summing transformer is used to
combine the output of the 30 transmitters. The output impedance of the
transmitters equal to 75 ohms is insured by the resistor Rj which is
connected to the secondary winding of the summing transformer.
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Figure 7.1, Structural diagram of the SIG-A office

Key:
1. GEN 16. To the I
2. -47.8 decibels, -5.5 nepers 17. Transmitter
3. Control 18. fearrier
4, -48,2 decibels, -5.55 nepers 19, Udl; attenuator
5. -43 decibels, -5.0 nepers 20. Udl, attenuator
6. ~5.6 decibels, -0.65 nepers 21. 0dd receiver
7. -6 decibels, —0.7 nepers 22. 1.7 decibel attenuator
8. -7.4 decibels, -0.85/75 nepers 23. A reception module
9. A transmission module 24, ALC and GCM module
.10, udl. 4.3 decibel attenuator 25. 8.7 decibel attenuator
11. GUs group repeater 26. Even receiver
12. PI-8 module 27. -12 decibels
13. DK~200 module 28. ~56.5 decibels
14. -7.8 decibels 29, Signal unit, channel blocking,
15. Line idle time counters
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- The "Gen" and the "Control" measuring sockets are used without disconnect~

ing the modules. The measuring generator can be connected to the "Gen"
sockets, and the selective level indicator can be connected to the "Control”
sockets .(by the high-reéistance input) to measure the output levele of the
transmitters and the control and auxiliary frequency levels,

The terminal stages of the transmitters are fed from the parametric voltage
stabilizer consisting of the ballast resistor Ry and stabilitron D;. The
stabilize voltage is equal to 9 volts. In order to avold the appearance of
crossovers with respect to the feed circuit, the stabilitron is further
shunted by a capacitor C1.

Thke measuring level of the transmitters and the input of the D~552 filter
is -47.8 decibels (~5.5 nepers) on a 75 ohm load.

For automatic gain control of the group channel, a control frequency of

304 Kilohertz is fed to the input of the D-552 filter through the Udl
attenuator. In order not to load the channel, this frequency is fed to

its input with a level 8.7 decibels (1 neper) below the measuring frequency.
In oxder to find the damaged line of the group channel, the 312 kilohertz
auxiliary frequency is used. It is fed to the Udl, attenuator and if the
group channel 1is in good working order it is not transmitted to the line.

- Thus, considering the control frequencies, the group equipment in the A-B

direction must provide for transmission of the signals with a spectrum of
304-548 kilohertz.

From the output of the D-552 filter the group signal goes to the A trans-
mission module containing the series-included group modulator M, the
D-256 filter, the 4.3 decibel (0.5 neper) attenuator and the GUs group -
repeater. The input level of .the module is ~48.2 decibels (~5.55 nepers),
the output level is ~5.6 decibels (~0.65 nepers) on a load of 75 ohms.

The group modulator is executed from transistors, and it introduces a

gain of 4.3-6.1 decibels (0.5-0.7 nepers). As a result of group conver-
sion on a frequency of 560 kilohertz, the group signal of 304-548 kilohertz
is converted to a spectrum of 12-256 kilohertz. In order to suppress the

- undesirable upper frequency sideband the D-256 filter is included after the
. -modulator,. The converted signal is amplified by the GUs group repeater,
. The amplification of the repeater is 43 decibels (5.0 nepers); the regula-

tion limits are +2.6 decibels (0.3 nepers). In order to reduce the excess
gain, a 4.3 decibel (0.5 neper) attenuator is included at the input of the
repeater, ' ’

From the group repeater output the signal goes to the band-elimination _
(rejector) filter P-8 which has maximum damping on a frequency of 8 kilohertz.
The P-8 filter operates as a pair with the II-8 filter designed for trans-
mission of a synchronizing frequency of 8 kilohertz to the line to the
opposite terminal office. : .
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The the signal goes to the DK~280 module. The fork of the DK-280 filters
provides for the necessary protectilon between the transmission and recep-
tion channels of the terminal office [no less than 65 decibeis (7.5 nepers)].

From the output c¢i the D-280 filter the signal goes to the line transformer
module. The line transformer is used to form a balanced (symmetric) line
input circuit of tlie equipment and is designed for inclusion between loads
of 75 ohms (on the office side) and 160 ohms (on the line side). The line
winding of the transformer has midpoint lead-out for organizing the link
between operators over phantom circuits and for remote feed of the repeaters
of the intermediate repeater stations. In order to decrease the effect
between the systems the D-8 filter is connected through the remote feed
circuit to the midpoint of the line transformer. A 12-256 kilohertz group
signal goes through the line transformer to the line with a level of

-7.8 decibels (~0.9 nepers) on a load of 160 ohms.

Reception Channel of Office A

The reception channel must provide for amplification of the group signal
with respect to 304-548 kilohertz and covering of the line attenuation to

60 decibels (6.9 nepers), which corresponds to attenuation of the line of
maximum length (14.3 km) on a frequency of 548 kilohertz. If we consider
that the transmission level of office B to the line is equal to -3 decibels
(-0.35 nepers), the minimum reception level of the input of the line trans-
former of office A will be -62 decibels (-7.25 nepers). The signal level

at the output of the group channel at the point of connection of the channel
receivers is taken equal to ~12.2 decibels (-1.4 nepers) om a load of

75 ohms.

The group signal at 304-548 kilohertz goes through the line transformer

and the K-280 filter to the main equalizer MB, This equalizer is used to
correct the residual errors of the line equalizers installed on the inter-
mediate repeaters and also the distortions introduced by the office equip-
ment included at the terminal office. The MB attenuation is about 1.7 deci-
bels (0.2 nepers). )

From the MB output the group signal goes to the A reception module made up
of the auxiliary repeater VUs at 304~548 kilohertz, the 3.5 decibel (0.4
neper) attenuator, ‘the GUs group repeater in the 1.7 decibel (0.2 neper)
attenuator. The auxiliary upper group repeater VUs at 304-548 kilohertz
is used for preamplification of the group signal. The average gain of the
VUs is equal to 19 decibels (2.2 nepers), and by using the ALC circuits it
can be regulated within the limits .of +7 decibels (0.8 nepers). The
VK-280 equalizing circuit corrects ithe frequency characteristic of the

two K~280 filters, one of which is in the office B transmission channel.

The line equalizer LV compensates for the amplitude-frequency distortions
introduced by the preceding section of cable. The accuracy of the
correction is +0.9 decibels (0.1 nepers), and it is reached by means of
two nonremovable variable equalizers, the resolderings in the circuit of
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which permit correction by steps of 1.7 decibels each (0.2 nepers). The
Ud1-8.7 decibel attenuator permits planar gain control of the channel in
steps every 4.3 decibels (0.5 nepers).

The variable attenuators,VK~280, LV are structurally combined and together
with the ALC devices are placed in the single ALC module.

From the output of the Udl-8.7 decibel attenuator the group signal goes
to the D-552 filter designed to suppress the radio signals induced in the
line. In order to obtain the required level diagram between the D-552
filter and the group repeater, a 3.5 decibel (0.4 neper) attenuator is
included.

The group repeater amplifies the signal by 43 decibels (5.0 nepers).
- Channel receivers are cornected to the output of the repeater. In order to
increase the protection from the crosstalk between even and odd channels the
GUs has two outputs: even and odd channels. The odd channel receivers are
- connected through the 1.7 decibel (0.2 neper) attenuator; the even channel
receives are connected through the DS differential system which decouples
the ALC devices and the individual channel receivers.

In order to monitor the receptior level of any channel at the output of the
group channel the "control" plug is provided. The control is exercised by
means of a selective level indicator connected by the high-resistance input.

The ALC is realized by the PKK monitor channel receiver connected in parallel
to the output of the group reception repeater. With variation of the

_ level of the control frequency of the 304 kilohertz at the output of the

_ GUs the receiver generates the corresponding signal to the regulating ele-
ment located in the feedback circuit of the auxiliary repeater. As a result,
the gain of the VUs varies to restoration of the normal reception level
at the output of the group repeater,

For monitoring the group channel, finding the damaged line, signalling and
blocking the channels, the receivers of the group channel control KGTq
[GCM;] and KGT, [GCMg] are used.

Office B Transmission Channel

The structural diagram of the group channel of office B is ghown in
Fig 7.2,

- The transmission channel is used for amplification and transmission of the
group signal to the line with a spectrum of 304-548 kilohertz. In the B-A
direction the group signal is not converted; therefore the B transmission

- module contains only the group repeater GUs with the average gain of

43 decibels (5.0 nepers). The D-552 filter module, the DK-280 module and

the line transformer module execute the same functions as at office A.
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channel are indicated in the diagram.
level, just as in the KRR equipment is -2.2 decibels (-0.25 nepers) omn a

75 ohm load; the signal goes to the line with a level of -3 decibels (-0.35
nepers) on a 160 ohm load.

Key:
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Figure 7.2.

-3 decibels
~2.6 decibels
DK-280 module
LT module
Line

=47 decibels
-50 decibels

20.
21.
22.
23.
24,
25,

Structural diagram of the SIG-B station

To the I
Transmitter
fcarri(er

-1.4 (~12 decibels)
0dd receiver

1.7 decibel attenuator Udl.

Signal, channel blocking, idle time counter

8’ kilohertz
PII-8 module
-53 decibels
-2.2 decibels
B transmission module
GUs

-48.2 decibels
Control

Gen

-47.8 decibels
D-552 module
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Office B Reception Channel

The reception channel 1s used to receive the group signal with a spectrum
of 12-256 kilohertz, conversion of it to the 304~548 kilohertz spectrum
and amplification to a level of =12 decibels (~1.4 nepers) required for
normal operation of the individual channel receivers. The minimum level
of channel reception on a frequency of 248 kilohertz is -49 decibels
(-5.56 nepers) on a 160 ohm load.

The group signal goes through the line transformer and D-280 filter to the
Pl-8 filter module. The rejector filter P-8 which has a maximum attenuation
on a frequency of 8 kilohertz deee not transmit the synchronizing frequency
to the group channel. This frequency, which comes from the office A is
separated by the II-8 band filter and goes to the generating equipment of
office B. From the output of the rejector filter the group signal at

12-256 kilohertz goes through the main equalizer MB to the office B reception
module. This module is made up of the auxiliary repe-ter VUs on 12-256
kilohertz, the demodulator DM, the D-548 filter, the Ud1-13 decibel (1.5
neper) attenuator and the GUs group repeater.

- The VUs introduces an average gain of 19 decibels (2.2 nepers) and it
- : provides for automatic gain control within the limits of +7 decibels
(+0.8 nepers).

The VD-280 filter equalizer compensates for nonuniformity of the frequency
characteristic of the two D-280 filters, one of which is located at office A.
The LV line equalizer and the step attenuator compensate for the frequency-
amplitude distortions introduced by the preceding section of MKS cable.
Just as at office A, the correction is made by two variable equalizers per-
mitting the magnitude to be altered by resoldering in steps every 1.7 deci-
bels (0.2 nepers). The VD-280, LV and the variable attenuator are

_ structurally combined with the ALC and they are placed in a single ALC
module.

The group signal at 12~256 kilohertz goes to the input of the demodulator
with a level of -39 decibels (~4.5 nepers). The D-548 filter is connected
at the demodulator output. It transmits only the difference products of
conversion, that is, frequencies of 304-548 kilohertz. In order to obtain
the required level diagram, the 13 decibel (1.5 neper) attenuator is

= included between the filter and the GUs.

The DS differential system at the output of the GUs, the 1.7 decibel
attenuator and also the ALC and GCM devices perform the same functions
as at office A. ‘ :

7.4, Intermediate Repeater Stations

With a trunk length of more than 13-14 km the terminal offices usually

_ cannot compensate for attenuation of the section of cable. In order to
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increase the operating ring through the equipment, semiconductor inter-
mediate repeater stations PUT are used.

The structural diagram of the PUT of the KAMA equipment appears in Fig 7.3.

$s505 " (16)

BF -6
5 75

i 0

Y N
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(=]

~
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i

Iy

Figure 7.3. Structural diagram of an intermediate repeater

B station
’ Key:
1. ~4.9 decibels 14, 1LV line equalizer
2. LTpy line transformer 15. VUs
3. -3 decibels 16. -5.6 decibels
4, -2.6 decibels 17. LTp, line transformer
5. LIp3 line transformer 18, LTpy line transformer
6. =51 decibels
7. VD-280
8. PKKy
9. GUs

10. 9¢Tp phantom transformer

11. Plugs for the link between
- operators

12. GUs

13. Udlj attenuator

The PUT contains the set of equipment which is used for two-way repeating
of 30 channels. All of the PUT equipment is made up of modules analogous
to the corresponding modules of the SIG terminmal office of the KRR-M
equipment and having the same purpose.

In the A-B direction the PUT covers the attenuation of 41 decibels (4.7
nepers). The minimum reception level at the imput of the line transformer
LTp; is -49 decibels (~5.6 nepers). The signal goes to the lower group
amplification channel through the D-280 filter. The equali:ar VD-280
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compensates for distortions introduced by this filter. The correction
of the distortions introduced by the preceding section of cable is
accomplished by the variable attenuator Udl, and the variable line
equalizer LV. Then the signal 1s fed to the input of the group repeater
GUs and it is amplified to the level of -5.6 decibels (0.65 nepers). The
amplified signal goes through the D-280 filter and the LTpj line trans-
former to the line with a level of -7.8 decibels (-0.9 nepers).

In the B~A direction the repeating covers attenuation of 60 decibels

(6.9 nepers). The minimal level at the LTp, input will be ~63 decibels
(~7.25 nepers). The 304~548 kilohertz signal goes to the amplification
channel of the upper frequency group through the line transformer and the
K-280 filter. The VK-280 equalizer precompensates the distortions intro-
duced by the K-280 filter, and then the signal is amplified by the auxiliary
repeater VUs at 304~548 kilohertz. The variable attenuator Udl, and variable
equalizer LV correct the frequency-amplitude distortions introduced by the
preceding section of cable, after which the corrected signal is fed to the.
input of the group repeater GUs by which it is amplified to a level of

-2.2 decibels (-0.25 nepers). Through the K-280 filter and the LTpy line
transformer the group signal 1s fed to the line with a level of -3 decibels
(-0.35 nepers).

With a communications length of more than 50 km at the middle repeater
station in the amplification channel of the upper frequency group a control
channel receiver PKKy, is installed which realizes automatic gain control
of the chammel. The introduction of ALC in the B-A direction 1is explained
by an inadmissible increase in noise level in the equipment channels on
the long lines as a result of seasonal shift of the level diagram. Just
as at the terminal office the PKK [control channel receiver] controls the
gain of the auxiliary repeater in the case of variation in level of the
control frequency of 304 kilohertz at the GUs output. The possible limits
of variation of the repeater gain are +7 decibels (+0.8 nepers) from the
average gain of 19 decibels (2.2 nepers). '

The second set of PUT equipment included between the line transformers LTp,
and LTp4 operates analogously, insuring two-way repeating of the second
30-channel group,

The repeaters of both assemblies permit remote feed from a DC power supply
installed at the terminal office. The feed voltage of the repeater and
PKK is received from individual stabilitrons Dj-D3 (upper repeater) and
D4-D, (lower repeater) included in different conductors of the phantom
circuit. The C1-C, capacitors and the halfsections of the low-frequency
filters Dp, C are the decoupling elements of the feed circuits.

7.5. Operating Principles of the ALC [automatic level control] and GCM
[group channel monitor] of the KAMA Equipment

In order to improve the quality indexes of the channels and facilitate
operation in the KAMA equipment provision is made for the installation of
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automatic level control (ALC) and a group channel monitor (GCM). In the
equipment a frequency-dependent electric system for the ALC on ome control
frequency of 304 kilohertz is used. TFor the auxiliary circuits in the ALC
and the GCM frequencies of 312 and 296 kilohertz are used.

Fig 7.4 shows the structural diagram explaining the operating principle of
the ALC and the GCM of the KAMA equipment.

From the control frequency generators PKCh installed at the terminal offices,
the control frequency of 304 kilohertz goes through the asymmetric attenua-
tor Udly in the D-552 filter module to the input of the group channel

with a level 8.7 decibels (1 neper) below the measuring level. At the
terminal offices, and with a communications length of more than 50 km and

in the amplification channel of the upper frequency group of the middle
intermediate repeater, the .control frequency signal is isolated by the
control channel receiver (PKK). At the terminal offices the PKK is connected
to the output of the group channel.

Let us consider the operation of the PKK in the example of the office A

for which the structural diagram of the receiver is shown in expanded form.
At office B the receiver operates analogously. From the even channel output
of the GUs the control frequency 304 kilohertz goes to the differential
system, DS of the control channel receiver PKKj with a level of -21 decibels
(-2.4 nepers). This frequency goes through the P-304 band filter to the
modulator M with the carrier frequency 296 kilohertz. The difference
conversion product gives a frequency of 8 kilohertz which goes through the
NI-8 band filter to the UKChj repeater. The amplified control frequency is
fed to the regulating device PYj., Here it is rectified and compared with
the reference (standard) voltage. The result of the comparison is amplified
by the DC amplifier and goes to the regulating element RE which controls

the amplification of the auxiliary repeater.

A thermistor (therimal resistance type T8M), the resistance of which varies
depending on the magnitude of the current flowing through it, is used as
the regulating element. The thermistor is included in the negative feed-
back circuit of the VUs and shunts the frequency-dependent two-terminal
network with respect to alternating current, varying the gain of the
repeater. Thus, if the control frequency level at the output of the GUs
decreases, in the PY] the difference between the refereace voltage and

the control signal voltage will lead to the fact that the current through
the thermistor increases, and its resistance decieases. The shunting
effect of the thermistor becomes stronger, the depth of negative feedback
diminishes and the gain of the VUs increases. The normal control frequency
level is restored at the output of the GUs. With an increase in control
signal level at the output of the GUs the voltage difference of the
control and reference signals leads to a decrease in current through the
thermistor and an increase in its resistance. The depth of negative feed-
back of VUs increases, and its gain diminishes.
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On variation of the level of the control frequency at the input of VUs by
47 decibels (0.8 nepers) the ALC maintains the control frequency level at
the GUs output with an accuracy of +0.43 decibels (0.05 nepers), leaving
the reception level of the 30 channels unchanged.

The ALC system is made not planar, but frequency-dependent, inasmuch asz
the line losses depend on the channel frequency (number). For this purpose
the feedback circuit of the VUs includes frequency-dependent two-terminal
networks and the signals of frequency having greater attenuation are
amplified more, and those having less attenuation are amplified less.

The ALC devices in the intermediate repeater station operate analogously.
From the output of the upper group GUs the control frequency is separated
by the PF-304 band filter of the control channel receiver PKKy and the
amplified frequency goes to the input of the regulating device PY2. Here
the AC voltage is rectified and compared with the reference voltage, and the
difference amplified by the DC amplifier is fed to the thermistor included -
in the negative feedback circuit of the VUs. Just as at the terminal
office, the accuracy of maintaining the rated level of the control frequency
at the output of the GUs of the intermediate station will be 10.43 decibels
. with variation of the control frequency level at the input of the VUs by
+7 decibels. ) -

At the intermediate stations where the ALC is not installed, a resistor is
included in the negative feedback circuit of the VUs instead of the
thermistor for which the gain of the amplifier is equal to a mean value of
19 decibels (2.2 nepers).

A control frequency of 304 kilohertz is also used to monitor the group

channel. The control is realized by the KGT1 [GCM; ] receiver connected to

the output of the UKChy of the control channel receiver PKK;. In the

presence of a 304 kilohertz frequency at the output of the UKChj the

GCM] receiver operates and by the 1-2 contact its relay connects the

thermistor of the regulating element RE to the feedback circuit of the VUs.

By the contacts 4-5, the Udl) attenuator is shunted through which the

auxiliary frequency of 312 kilohertz is fed to the group channel, and the "
contacts 7-9, 4-6 and 10-12 break the signal, RSLU relay blocking and system |
idle time counter cilrcuits.

- When the control frequency level drops or is reduced by more than 3.5 deci- -
bels (0.4 nepers) at at the GCMj input the receiver relay releases,
- switching its contacts. As a result the resistor Ry which limits the
current through the RE is connected in series to the thermistor, and the
RoC circuit which shunts the thermistor with respect to alternating current
is conmected parallel to it. The resistancesof the resistor are selected
so that an average gain of the VUs equal to 19 decibels (2.2 nepers) will
be established on all frequencies of the band. The contacts of the T
7 released relay also close the local (the Ly light lights up), row and
general office signal (0S) circuits, the RSLU assembly circuits (BL), the
N system idle time counters (UP), and the circuit shunting the Udlp
attenuator is opened.
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The auxiliary frequency signal at 312 kilohertz goes to the group channel
with a level equal to the measuring level. At the opposite terminal
station this signal goes from the output of the GUs to the differential

- system of the PKKj, and from the differential system filtered by the PF-312
) filter, to the input of the GCMj receiver. The GCMy responds and by the
contacts of its relay includes the local (the L lights up), common row
and general station signal, it blocks the channels and includes the system
- idle time counters of the opposite terminal office.

After recovery of the group chanuel at the GCM: input a signal appears
- with a control frequency of 304 kilohertz, and the receiver relay again
responds, disconnecting the thermistor shunt, the signal, the blocking,
the counters and shunting the Udly attenuator., The frequency of 312 kilo-
hertz ceases to go to the line, and the GCMp recelver relay of the opposite
terminal office releases, disconnecting the signal, blocking and counters.
The operating condition is restored.

Thus, by lighting the local signal lights the GCM; and GCM2 permit
determination of the nature of the damage to the group chamnel. Thus, if
the 1light Lj is lit, then the incoming group channel is damaged; if Lo,
the outgoing channel; if the lights Lj are 1it at both terminal offices,
then the group channel is damaged in both directions.

At the intermediate station the control of the operating condition of the
group channel is exercised by the GCMj3 receiver connected to the UKChgy
output. In the presence of a 304 kilohertz frequency the servorelay of

the receiver operates, connecting the thermistor to the feedback circuit
of the auxiliary attenuator by its contacts. In the case of damage to the
group channel or a reduction in level of the control frequency at the input
of the GCM3 by more than 3.5 decibels (0.4 nepers) the receiver relay
releases. The shunts of the thermistor are connected, and the gain of the
VUs is fixed in the middle position. The free relay contacts of the GCM3
can be used for local (manned PUT) or remote (unattended PUT) signalling.

7.6. Group Repeaters of the KAMA Equipment

In the group channel of the KAMA equipment, an auxiliary repeater for the
lower frequency group (VUs 12-256), an auxiliary repeater for the upper
frequency group (VUs 304-548) and a group repeater, a single one for both
frequency groups (GUs 12-548) are used. The VUs 12-256 is used only at
the SIG-B terminal office; the remaining repeaters are used both at the
terminal and at the intermediate stations. The repeaters of the KAMA

- equipment are made from transistors and are designed for inclusion between
load resistances of 75 ohms. An 18 volt DC power supply is used to power
the repeaters.

Fig 7.5 shows the schematic diagram of the auxiliary repeater of the upper

frequency group. The repeater is designed for preamplification at the
_ 304-548 kilohertz group signal, and it is a two-stage transistorized
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repeater with direct coupling with respect to direct current between the
stages. Both stages of the amplifier are made from the P416 type
transistors included above the circuit with common emitter (OE). 1Imn
order to improve the signal/noise ratio at the input of the amplifier,
the input circuit of the VUs is made in accordance with the transformer
differential circuit (Tpj, R2) insuring the required input impedance of
75 ohms without using a shunt. The output impedance of the repeater (75
ohms) is determined by the shunt resistance Rg and transformer Tp,.

1 Figure 7.5. 304-548 kilohertz auxiliary repeater VUs
Key:
1. Input
2. Output

The first stage of the repeater is encompassed by local (resistor R3)
negative feedback and the entire amplifier is encompassed by general

(the circuit R5, Cp) negative feedback with respect to direct and alternating
current. The correcting two-terminal network Rjgp, Cg, Cg» TPj3s and Rj2
insuring the required frequency-dependent variation of the gain of the

VUs on variation of “the resistance of the thermistor Ry, is included in

the feedback circuit of the second stage. The transformer Tp3 matches

the resistances of the thermistor with the correcting two-terminal network.

The operating conditions of the transistors are basically determined by the
resistors Ry, R;, Rg, Rg, Rge. . The capacitors Cy and C, are blocking,

and Cy and Cg decouple the circuits of the VUs and the ALC with respect

to direct current. In the feed circuit provision is made for a decoupling
filter Ry, C5. The average gain of the repeater with a thermistor
resistance o% 600 ohms is 19 decibels (2.2 nepers).

The auxiliary repeater of the lower group VUs 12-256 is designed for pre-
amplification of the group signal of the lower frequency group. The
circuitry of this repeater is anmalogous to the circuitry of the repeater
VUs 304-548, and it differs from the latter only by the correcting two-
terminal network in the feedback circuit of the second stage of the
repeater which defines the frequency characteristic of the gain of the
repeater on variation of the thermistor resistance. The average gain of
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the VUs 12-256 with a thermistor resistance of 600 ohms is also equal
to 19 decibels (2.2 nepers).

Fig 7.6 shows the schematic diagram of the group repeater GUs 12-548.,

The repeater is designed for the basic amplification of the group signal

in the upner or lower frequency group band, and it is a four-stage transistor-
ized repeater with combined coupling between the stages. In the first two
stages of the repeater made from the transistors T; and T, type P416A,

direct DC coupling is used between the stages. The connection between the
third (T3 type P416A) and fourth (T4 type P609) stages is executed analogously.
The coupling between the second and third stages is rheostat-capacitive
(capacitor C7). The application of combined coupling between the stages
permits improvement of the phase characteristics of the multistage
transistorized repeater and excludes the possibility of self-excitation of

it.

ucg

—

i

Figure 7.6. Group repeater GUs 12-548 kilohertz

All of the stages of ‘the repeater are made in accordance with the circuit
with common emitter, and they are encompassed by local (resistors R3, Rg,
R13, RlS) and general (circuit R9, C4) negative feedback with respect to
alternating current improving the frequency characteristics and the
stability of the gain of the repeater. The last stage of the repeater is
encompassed by negative feedback with respect to voltage (winding II of
transformer Tp2) which lowers the output impedance of the repeater to

a value of 75 ohms. The input circuit of the GUs, just as of the
auxiliary repeater, is made by the transformer differemtial . circuit (Tpy»
Ry) permitting us to obtain input impedance of 75 ohms without the spplica-
tion of a shunt.

The operating conditions of the transistors T and T, with respect to direct
current are primarily determined by the resistors Ry, Rj, Rs, Rﬁ’ Rgs
e

and the operating conditions of the transistors T3 and T,, by t
resistors Rll, Rlz’ R13, Rl4’ Rige The capacitors 05, C9 are blocking;
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Cy, Cy are separating, and Cy5 €, Cg are correcting the frequency
cﬁaracteris:ic of the repeater. The feed circuit of the repeater includes
the decoupling filters Cj, R4; C6, Rig» Cip-

The average gain of the repeater is 43 decibels (5.0 nepers). The
repeater does not have a remote gain control, The gain control within the

limits of +30 decibels (40.3 nepers) is realized by resoldering the
resistor R3.

7.7. KAMA Transceiver
Transmitter Plate

The transmitter of the KAMA equipment is made analogously to the transmitter
of the KRR-M equipment. A distinguishing feature of the transmitter is the
fact that the phase-shift low-frequency six-terminal network is executed

from RC-elements instead of LC-elements, and the modulator is replaced by

a diode instead of transistor, but it is made from pairs of diodes not
requiring selection. In addition, at the output of the transmitter an
amplifying stage is included which permits the attenuation in the transmission
channel to be reduced and it makes it possible to make the parallel operation
of 30 transmitters independent, excluding mutual influence on each other.

The schematic diagram of the transmitter is shown in Fig 7.7. The speaking
currents go to the input of the transmitter demoted by the terminals Kp, Kj
and through the symmetrizing transformer Tpy and the repeater based on the
resistors R), Ry they reach the input of the low-frequency filter D-3,4
(elements Ly~L;, C3-Cg). The attenuator matches the filter with the 600-ohm
input of the transmitter and lowers the signal level at the input of the
phase-difference circuit. The attenuation of the attenuator is 14 decibels
(1.6 nepers); in this case the reflection coefficient of the input impedance
of the transmitter decreases to 10Z7. The filter D-3,4 limits the speaking
current band to a frequency of 3400 hertz and hasjan input impedance of

6 kilohms. In the attenuation band the attenuation of the filter does

not drop below 35 decibels (4 nepers), and on frequencies of 3825, 4130

and 6000 hertz the filter introduces the maximum attenuations.

The signal frequency of 3825 hertz frem the statié relay module, analogous
to the static relay of the KRR equipment goes to *he terminals K7, Kg.

This frequency is also filtered by the band filter made up of the elements
Rz, Co, Ly and it is fed through the resistor Rj to the transmission
channel after the filter D-3,4. By the resistor Ry, the signal frequency
level at the input of the channel is set at 5. 0+10 decibels (0.64+0.1 nepers)
below the measuring level.

From the output of the D-3,4 filter the currents of speaking and signal
frequencies go to the phase—difference circuit for suppressing the fre-

quency sideband (FRS). As is known, the phase-difference circuit is made
up of the phase-shifting, low-frequency six-terminal network (FSSh), two
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modulators, the carrier frequency phase shift circuit and the adder. 1In
order to obtain a relative phase shift of 90° at the inputs of the modulators
of the FRS, the initial low-frequency signal 1s first converted to two
opposite-phase (that is, 180° out of phase relative to each other) voltages
of equal amplitude. This is achieved by using a stage based on the
transistor T; called a phase-inverse stage or invertor. The input impedance
of the stage is equal to 6 kilohms; its operating conditions are determined
by the divider R4, Rg and the resistor Rg of the attenuator. The invertor

;‘ load is made up of the resistors Rg and R7. Inasmuch as the signal phase

in the collector circuit of the transistor differs by 180° from the signal

phase in the emitter circuit, on the resistors Rg and Ry, voltages occur,

the relative phase shift between which is 180°. These voltages are fed to

the RC phase-shifting element. The first element contains the resistors

Rg, Rll and the capacitors 011-01 ; the second element contains the resistors

R10, Ry, and the capacitors Cy, Cy5. The loads of the elements are the

capacitors Cjy4, Cyg, On the plates of which voltages occur which are 90°

- out of phase with each other. The error in the phase difference of the FSSh
in the frequency spectrum of 300-3800 hertz does not exceed 2°, which per-
mits suppression of the frequency sideband by no less than 30 decibels
(3.5 nepers). The voltage amplitudes in the branches of the FSSh are
equalized by the trimming resistor Rg in the emitter circuit of the inverter.

The rated load resistance of the elements of the FSSh is equal to 15 kilohms.
For matching such a high output impedance of the elements with small input
impedance of the diode converters, each of the branches of the phase-
difference circuit includes emitter repeaters executed from the transistors
Ty and T3 (P416B type). The resistors R13» Rl4’ R17, RlS’ Rl6’ R18 insure
the operating conditions of the corresponding tramsistors. The currents
of speaking and signal frequencies go through the separating capacitors

- C175 Cyg to the modulators of the phase-difference circuit branches.

Ring modulators executed from pairs of diodes of the GD-404AR type (the
diodes D2-D5) not requiring selection are used in the transmitter of the
KAMA equipment., The windings of the output transformer Tp, do not have
midpoints; therefore the voltage of carrier frequency to the modulator

- diodes is fed to the midpoint of the capacitive dividers formed by the

- capacitors Cp4, Cp5, and Cyg, Cy7. Inasmuch as the pairs of diodes GD-404AR

_ do not require selection, the degree of balancing of the converter (the

. degree of suppression of the current carrier is determined only by the

z asymmetry of the modulator circuit (for example, the halfwindings of the
transformers Tpy, Tp3 are not identical, the capacitors Cp4-Cy7 have
scattering, and so on). When necessary the exact balancing of the converters
is reached by installing additional trimming capacitances Cyp, C2; and Cpjp,

- Cy3 parallel to the divider capacitors, The additional boundary of the
residue of the carrier frequency is accomplished by the trimming resistors

R21-Roye
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The carrier frequency phase shift circuit 1s executed from the elements
Ls, C1g and it is used to obtain a relative phase difference of 90°
between the carrier oscillations of the modulators of the phase-difference
circuit. The coil L5 can be used to regulate the degree of suppression

of the undesirable sideband. In order to increase the stability of the
degree of suppression for carrier level fluctuations the resistors Rjg,
Ry are used.

In the transformer Tp,; the currents of the undesirable sidebands are
suppressed, and the currents of the usable sidebands are summed and go to
the output amplifying stage of the transmitter (T; type P416). The basic
purpose of the terminal amplifier 1s to insure independent parallel opera-
tion of the transmitters of the 30 channels. For this purpose the stage is
made from a transistor included according to the circuit with common base
(0B), that is, by the circuit having small input and large output impedances.
The collectors of the transistors of all 30 transmitters are joined together
and connected to a common output (summing) transformer structurally located
in the D-552 filter module.

In order to obtain a 75-ohm output of the transmitters, a shunt (a resistor
Ry, see Figures 7.1, 7.2) is installed in the secondary winding of the
summing transformer Tp. Inasmuch as the output impedance of one stage is
several hundreds of kilohms, the load of the transmitters is determined
only by the shunt resistance, which insures constancy of the output level
independently of the number of simultaneously operating transmitters. The
output level of the transmitter will be -47.3 decibels (~5.45 nepers) on

a load of 75 ohms. The output level control within the limits of +1.7
decibels (+0.2 nepers) is provided by the resistor Rg.

The feed of the collector circuits of the output stages is realized from
a parametric voltage stabilizer located in the D-552 filter module. The
resistors Ryg-Rq; insuring operating conditions of the output stage of the
transmitter are Installed there. The phase inverter and the emitter
repeaters of the transmitter receive power from the parametric voltage
stabilizer Dy, Ry,. A stabilized voltage of 9 volts is fed from the
stabilitron Dy aiso to the receiver to feed the preliminary and terminal
stages of the low-frequency amplifier. The feed to the divider Ryg» R30
of the output stage of the transmitter comes from the parametric
stabilizer located in the reception plate.

Receiver Plate

The channel receiver is executed in accordance with the structural diagram
shown in Fig 7.8.

The distinguishing feature of the receiver is the absence of a band filter

at its input, in connection with which summary signals come to the demodu-

lator of each receiver immediately from the 30 channels, After the demodu-
lation on the carrier frequency of the given chanpel the difference

product of conversion of this channel is located in the frequency band
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of up to 4 kilohertz and it is separated from the converted signals of
the remaining channels by the filter D-4,0. However, the useful signal
level with this method of demodulation is very small and in order to
obtain the required gain, the preamplifier PrUs is included in the
receiver circuit after the transistor demodulator.

M A4 e BRIk 0x4ua(3) 4z
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- Figure 7.8. Structural diagram of the recelver of the KAMA
equipment :
Key:
1. Input
2. PrUs = preamplifier
3. Ok Us = terminal stage of the low-frequency amplifier
4., Output of the speaking channel
5. VU
6. PF-3825
7. PSU = control signal trigger receiver
8. Signal channel output

Another distinguishing feature of the receiver is the signal separation

of the speaking and signal channels immediately after detection of them.
The D-3,4 filter of the receiver is included before the terminal stage of
the low~-frequency amplifier OkUs.and it does not pass the signal frequency
to the input of the terminal amplifier. This excludes intelligible cross-
talk with respect to the signal channel occurring when overloading the
terminal repeater.

The schematic diagram of the receiver is presented in Fig 7.9.

The signals of all 30 channels go to the receiver input denoted by the
terminals Kg, Kg. The L-type attenuator Rogs Rogg which prevents overload-
ing of the demodulator ans. lowers the group signal level at its input to
-36 decibels (-4.l1 nepers) is included at the input of the receiver. The
demodulator DM of the receiver 1s made from the tranmsistors T,, Ts, type
P416, and it introduces a voltage gain of no less than 17 decibels

_ (2 nepers). The carrier frequency is fed to the emitter circuit of the
transistors with a voltage of 1.2 volts. The resistors Ry7, Ryg included
in the emitter circuits stabilize the demodulator parameters on variation
of the temperature and fluctuations of the feed voltage.
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Figure 7.9, Receiver of the KAMA equipment

Key:

Low-frequency output
. Input

-9 volts

+9 volts

-60 volts

. PSU output

AW

The demodulator load is the filter D-4 (Ls, clO’clz) which passes only the
frequency band of its chamnel. The resistors Ryss R ¢ Stabilize the input
and output impedances of the filter equal to 11 kilohms. The filter
attenuation on a frequency of 3400 hertz does not exceed 0,9 decibels

(0.1 neper); on a frequency of 8 kilohertz it is more than 17 decibels
(2 nepers). ’

The low-frequency preamplifier PrUs is executed from the transistor T3,
type MP41A, and it is loaded on the filter D-3,4 (La-Ly, Cy=Cg) providing
for suppression of the products, the frequencies of which exceed 3400 hertz.

The operating conditions of the stage are standardized by the resistors
R12—Rl4; the stage load is the resistor Rype

- The terminal repeater is executed by the two-cycle circuit based on the
transistors Ty, Ty, type MP40, and it operates in the class A mode. In
this mode both halfwaves of the signal are amplified; therefore, the
total harmonic coefficient of this stage 1s minimal and does not exceed
1.5 Z. The stages encompassed by negative feedback with respect to current
(R4, RS) and voltage (the feedback winding of the transformer Tp1 to the
resistors Ry, R,). The stage mode ig stabilized by the resistors R4-R;.
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The circult Ly, Cl’ R3 included in the feedback circuit of the repeater is
tuned to a frequency of 3,4 kilohertz, and it corrects the frequency
characteristic of the channel in the upper frequency region. The depth

of correction can be changed by the resistor R3 if necessary.

The signal level at the output of the receiver is regulated within the
limits of +4.3+2.6 decibels (+0.5+0.3 nepers) by the variable resistor
type SP (ng) included in the emitter circuit of the demodulator.

The signal frequency of 3825 hertz goes after amplification by the PrUs to
the input of the auxiliary repeater VUs executed from the tranmsistor T9.
The stage is made resonant for £=3825 hertz and introduces a gain only on
this frequency. For other frequencies the circuitry of the stage is
equivalent to the circuitry for including the transistor with OK and has

a high input impedance not shunting the speaking frequency current. The
stage mode is stabilized by the resistors Rg, Ryg» Rage

The auxiliary repeater operates in the limiting mode, which improves the
operating reliability of the signal channel on fluctuation of the signal
frequency level.

The load of the repeater is the band filter P-3825 (Lgs L7, C15—Cl7) which
separates the signal frequency of 3825 hertz and does mot pass the currents
of the remaining frequencies. The pass band of the filter is 150 hertz.

The trigger receiver of the control signals PSU (the tramsistors Tg, Ty»

Tg, analogous to the PSU of the KRR-M equipment) is included at the filter
. output. The resistor Rp7 establishes the response threshold of the PSU.
The operating current of the receiver is 45+3 milliamps with a load of
1200 ohms. The PSU receives power from the 60 volt DC power supply. The
feed goes to the demodulator from the same power supply through the para-
metric stabilizer Rpg, D2. The 9 volt stabilized voltage reaches the
remaining assemblies of the receiver from the transmitter plate.

7.8. Generating Equipment

Structural Diagram of the Generating Equipment

Thirty individual carrier frequencies of the channels, the control frequency
of 304 kilohertz, the auxiliary frequency of 296 kilohertz, the group
carrier frequency of 560 kilohertz and signal frequency of 3825 hertz are
needed for operation of the SIG bay of the KAMA equipment. The equipment
for obtaining the indicated frequency designed to feed up to four SIG bays

is located in the SGO bay, the functional diagram of which appears in
Fig 7.10.
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Figure 7.10. Functional diagram of the KAMA generating equipment

Key:
1. ZG = master oscillator 11. To the PII-8 of the SIG bays -
- 2. GTV= ringer oscillator 12. Auxiliary frequency 295 kilohertz
3. BP = power packs 13. 0dd individual carriers
4. RU 14. Even individual carriers vt
5. Signal frequency 3825 hertz 15. Control frequency 304 kilohertz
6. UsGG = resonance repeater 16. Group carrier 560 kilohertz
7. PVU-I = speak-buzz modules 17. G-296
8. PVU-II = speak-buzz modules 18. GIN ~ individual carrier generator
9. FT 19, KU
10. NS 20. UGN = group carrier frequency
repeater
21. GKCh - control frequency generator

All of the frequencies with the exception of the frequency of 3825 hertz
are multiples of 8 kilohertz, and a harmonic system with reference frequency
of 8 kilohertz is used to obtain them. The latter is obtained from the
master oscillator ZU module and goes to the decoupling module RU to the
differential transformer Tpy. The transformer has two outputs. Four
attenuators which are parallel with respect to input -- Ry, Ry43 Rg, Rp33
Rg> Ry Rygs Ryy == with an attenuation of 14.8 decibels (1.7 nepers)
each are connected to one of them loaded on the resistor Rg. The signals -
from the outputs of the attenuators go to the PI-8 modules of the SIG
bays and then to the line for synchronizing the opposite offices. The
second output of the Tpjy ie connected through the attenuator Ry, Rj, Ry
with a total attenuation of 30 decibels (3.3 nepers) to the output differ-
ential system Tpj. The outputs of this differential system are connected

- to the harmonic generator modules GG. The resistors Rj, Rg are the
balancing resistances of the differential systems.
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The toggle switch B is used to switch the external synchronization or
synchronization modé from the local ZG master oscillator. In large
telephone exchanges equipped with a single synchronization system, the
reference frequency of 8 kilohertz goes to the RU module from the circuits
of the synchronization network, and the ZG modules of the SGO bays are not
used.

The harmonic generator is a frequency multiplier, and has two outputs:
even and odd harmonics. The individual carrier frequency generators (GIN)
of the even channels and the control frequency generator of 304 kilohertz
(GKCh) are connected to the even harmonic output; the odd channel GIN, the
auxiliary frequency generator of 296 kilohertz (G-296) and the group
carrier frequency repeater (UGN) are connected to the odd harmonic output.
The monitor (KU) is used to monitor theoperation of the generators and the

- UGN. The signal frequency of 3825 hertz is generated by the ringer oscillator
GTV. The frequency is used to feed the static relays of the SIG bays.

In the KAMA equipment provision is made for the organization of a link
between operators for which two speak-buzz modules PVU-I and PVU-II are
installed in the SGO bay. The link between operators can be formed over

= the high~-frequency channel and over phantom circuits (the midpoints of the
line transformers). For organization of the link between operators orf with
the phantom circuits, the phantom transformer module is used (FT).

The power for the generating equipment and the PVU modules comes from the
BP power pack.

Master Oscillator

The master oscillator ZG (Fig 7.11) is made up of the two-stage repeater

1 with transformer coupling between stages and bridge type feedback circuit.
Both stages of the amplifier are made in accordance with the circuitry with
common emitter. In the first stage the tranmsistor T, (MP4l) is used; in

_ the second stage, T3 (P214). The resistors R3, Ry, Rg and Rg, Rg, R10
stabilize the operating conditions of the corresponding transistors. In
addition the resistor Ry not shunted by the capacitor creates negative

- feedback with respect to current improving the characteristics of the out-
put stage.

The output transformer Tpy has three windings: winding I is connected to
the collector T3; winding II is the output winding, and winding III is
connected to the feedback bridge diagonal. The feedback bridge is used
to stabilize the frequency and level of the output signal of the generator.
The aigh relative stability of the generation frequency (on the order of
3.10-6) is achieved by including the quartz resonator KV in one arm of the
- bridge. This resonator operates with the series resonance frequency of
8000 hertz. It is possible to vary the generation frequency within
small limits by the capacitors Cj, Cy,
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Figure 7.11. Master oscillator
Key:
1. Output
2, Control output
3. KV - quartz resonator

B 4. NE - heating element

The output signal level is stabilized by the thermistor Ry included in the
other arm of the bridge. The operating conditions of the thermistor with
respect to the rate current are given by the resistor R4 which together
with the resistor R5 forms the opposite arms of the feedback bridge. The
generator output voltage equal to 1.25+0.1 volts can be regulated by the

resistor Rj.

In order to exclude the temperature effects on the generation frequency,
. the thermistor and quartz resonator are placed in a thermostat with a
Lhermostating temperature of 50°C. The thermostating control circuit is

made using the mercury thermocontactors TK.

On inclusion of the module, the negative potential of -60 volts is fed
through the resistor Ry to the base circuit of the Ti. The transistor is
completely opened, the relay P; responds and by the contact 3-4 closes
the heating element circuit NE, switching on the heating.

When the temperature in the thermostat reaches 50°C, the thermocontactor TKl
shunts the bay circuit of the Ty. The transistor closes, and the relay Py
After some reduc-
tion in temperature the TK; opens, T; opens and the relay P; again responds,
switching on the heating. "Then the process is repeated.
the heating on and off is noted by the light L; (when the

esponds, opening the contact 3-4, The heating stops.

NE opeuiates the light burns).
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If for any reason the heating is not shut off at 50°C, then when it reaches
60°C the thermocontactor TK, is included. The relay P) responds, the
contact 1-2 disconnects the heating circuit. The circuit for the light Lo
is closed, and the emergency signal goes into operation.

Harmonic Generator

The harmonic generator GG is an 8 kilohertz frequency multiplier. It is
made up of the resonance repeater UsGG and the nonlinear systems. 1In
contrast to the KRR equipment where the UsGG for stabilizing the output
level is made in the form of an autooscillator operating in the mode with
locking, the UsGG of the KAMA equipment is made in the form of a resonance
repeater with automatic gain control. The nonlinear system (NS) which
loads the repeater is analogous to the NS of the KRR-M equipment.

The schematic diagram of the harmonic generator is shown in Fig 7.12.

Ll
g0
o_' .
5/\'6'4/2( &
(1)
Figure 7.12. Harmonic Generator
Key:
1. 8 kilohertz input
2, Outputy
3. Output,

The UsGG is made up of auxiliary repeater and the power amplifier. The
auxiliary repeater is made two-stage. The transistor T; (type MP40) of

the first stage of the amplifier is included in accordance with the circuit
with common collector (OK), which makes it possible to obtain high input
impedance of the amplifier required for matching to the decoupling module.
The UsGG is connected to the latter through the separating capacitor Cj.

The second stage of the amplifier -- the resonance stage -- is executed
from the transistor T3 (MP4l type) included in accordance with the circuit
with common emitter, and it 1s encompassed by local negative feedback

- (the resistor Rg). The coupling between the first and second stages is

- direct, and the operating conditions of the transistors are determined by
the resistors Rj- R > Rg, R The load of the second stage is the circuit
formed by the inductance oE the primary winding of the transformer Tpj ®
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the inductance coil L; and the capacitance C4. The tuning frequency of
the circuit is 8 kilohertz. The winding II is used for automatic gain

) control (AGC) of the auxiliary repeater. For this purpose the signal
voltage induced in the winding II is rectified by the diodes Dy-D, and
smoothed by the capacitor Cp. It is fed to the base of T, The
negative control voltage with respect to the base of the T2, depending on
its magnitude, opens T2 to a greater or lesser degree, shunting the input
circuit of the second amplification stage. The limits of the automatic
gain control are established by the resistor Ry4.

For greater gain stability the auxiliary repeater is fed from a parametric
voltage stabilizer Rg, Dj.

From the winding III of the transformer Tpy signal goes to the power
amplifier -- the two-cycle output stage based on the transistors Tys Ts

type P214. The transistors are included in accordance with the circuit

with common emitter and they are encompassed by local negative feedback

(the resistors R7, RS)' The load of the terminal stage 1s a circuit formed
by the primary winding Tp; and the capacitors C5-Cy. By using the capacitors
the circuit is tuned to a frequency of 8000 hertz.

The UsGG output is loaded on the nonlinear system made up of the circuit Lj,
Cg-Cyp tuned to 8 kilohertz, the nonlinear coil L3, the capacitor C11» the
frequency doubler D,4-D; and the pulse transformers Tpj3, Tps. As a result

of operation of the magnetic generator at theoutput of the Tp3, a sign-
variable pulse train is formed containing the odd harmonics of frequency

8 kilohertz. The even harmonics are obtained at the output of the Tpy, after
doubling the pulse repetition frequency.

The mutual protection of the even and odd outputs of the harmonic generator
is no less than 26 decibels (3 nepers); the voltage of the harmonics used
is about 150 millivolts.

The harmonic generator receives power from the 60 volt DC power supply.
Individual Carrier Frequency Generator

The individual carrier frequency generator (GIN) is designed to feed the
individual channel converters of the SIG bays with carrier frequency
currents. The schematic diagram of the generator is shown in Fig 7.13.

The GIN is made up of the band filter PF analogous to the GIN filter of the
KRR equipment and the three-stage amplifier. The filter connected to the
corresponding output of the GG separates the required harmonic of the

8 kilohertz reference signal required for synchronizing the GIN. However,
the voltage of the separated harmonic (several tens of millivolts) is
insufficient for direct synchronization of the generator. Therefore the
first stage of the GIN plays the role of the synchronizing signal repeater,
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Figure 7.13. 1Individual carrier frequency generator
Key:
1. Plate No 1
2. Plate Mo 2

3. PF

4, From GG
5. Output
6. KU

] The amplification stage is assembled from the tramsistor Tj, type P416,

_ included in accordance with the circuit with common emitter. The resistor
Ry matches the input impedance of the stage to the output impedance of the
filter, and jointly with the resistor Ry forms the L-type attenuator which
regulates the voltage of the segregated harmonic at the input of the
amplifying stage. The operating conditions of the first stage with respect
to direct current are insured by the resistors R3, R4, Rg. The capacitor
Cg is blocking.

The second stage (the transistor T2, type P416) is an autooscillator operating
in the mode with lock-on. The coupling between the first and second stages

is direct. The autooscillator is assembled in accordance with the circuit
with transformer feedback. The positive feedback voltage is picked up from
the secondary winding of the transformer Tpj and is fed to the emitter circuit
of Tp. The natural frequency of the autooscillator is determined by tuning
the circuit made up of the primary winding Tp; and the capacitors Cj4, Cs.

For stabilization of the output level of the generator, the oscillatory
circuit Tp;C4Cs is shunted by the D1C3Ry circuit. For positive halfperiods

of the oscillations occurringz in the circuit, the current goes through the
stabilitron Dy, as a result of which a DC voltage is formed on the capacitor
plates C5 promoting symmetric restriction of the oscillations in the circuit
and maintenance of their amplitudes on one level. With respect to direct
current the circuit DjC3R7 forms a parametric voltage stabilizer which
stabilizes the voltage on the collectors of the tramsistors T1 and Tjp.

The resistors Rg, R8, Rg insure operating conditions of the - itooscillator
with respect to direct current. The relative lock-on band wilth is
92
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selected by the resistor Ry such that the drift.of the natural frequency of
the autooscillator from the rated frequency by'+3.5 to 4.5 kilohertz
does not cause it to drop out of synch.

The output voltage of the autooscillator picked up from the feedhack winding
is fed through the resistor Ry, the potentiometer Ry, and the dividing
capacitor C7 to the output stage (the transistors T3 type MP40A and T4 type
P416) which 1s an oscillator with external excitation. The operating
conditions of the tramsistors T3 and T, with respect to direct current are
insured by the resistors Rj4, R15, Ryg, Rig and the stabilitron D. The
capacitor C3 is blocking. The output voltage equal to 1.2+0.1 volts
is regulated by the potentiometer Rj,. The resistor Rlg is a ballast
resistor, and it is disconnected on connecting 3 and 4 SIG bays. The output
- signal goes through the resistor Ry and the toggle switch B to the KU module
which monitors the synchrony of the GIN. The circuits Ry;, Cg and Ry3, Cg
are feed filters, The feed of the module is from a 24 volt DC power supply.

Two generators (even and odd channels) are placed in one GIN module,
excluding the GIN of the 29th and 30th channels which are placed in the
same module.

Control and Auxiliary Frequency Generators (GKCh and G-296)

The control frequency generator GKCh is designed to feed the SIG bays with
control frequency currents of 304 kilohertz, and the G-296 generator to feed
the SIG bays with the auxiliary frequency currents of 296 kilohertz vhich

is used as the carrier in the PKKj.

The structural diagrams of the GKCh and G-296 do not differ from the struc-
tural diagcam of the GIN. The differences in the schematic diagrams
consist in the fact that the transistor of the first stage is connected
to the GKCh and the G~296 with respect to the circuit with common base.
This circuit diagram is simpler, it insures good matching with the input
and filter and on the frequencies of the harmonics used introduces

- amplification with respect to voltage sufficient for reliable synchroniza-
tion of the autooscillator. The output stage of the GKCh and the G-296
is made not from two transistors as in the GIN, but one transistor connected
according to the circuit with common emitter. Here, in addition to the

_ oscillation amplitude stabilization circuit in the autooscillator (the

circuit D3, C3, Ry in Fig 7.13) the GKCh has temperature stabilization

of its operating conditions using a thermistor included in the base

- divider circuit of the output stage transistor. In the same generator,
stepped regulation of the output voltage is used instead of continuous.
As a result of the enumerated measures the relative stability of the output
level of the GKCh does not exceed +0.03 nepers (0.3 decibels).

No increased requirements with respect to time and temperature stability
are imposed on the G-296 generator, and therefore the corresponding
stabilization circuits are excluded from the G-296.
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The rated output voltage of the GKCh and the G-294 generators will be
1.2 volts. The generator is fed from a 24 volt DC power supply.

Group Carrier Frequency Repeater

The group carrier frequency repeater UGN is designed to feed the group
converters of the SIG bays with 560 kilohertz currents. In contrast to the
KRR equipment, a frequency of 560 kilohertz in the UGN of the KAMA equipment
is obtained by doubling the frequency of 280 kilohertz (the 35th harmonic

- of 8 kilohertz frequency). This is caused by an effort to simplify the

_ structural design of the P-280 band filter included at the input of the

- amplifier (Fig 7.14).

53
\1-260 n
%l“f &
_ i iathz
Lok '
_ Figure 7.14. Group carrier frequency repeater
Key: ‘
1. Control output
2. OQutput

3. PF-280 band filter

- The repeater is connected to the odd output of the harmonic generator

- through the P-280 filter. The signal segreated by the filter is fed to the
two-stage 280 kilohertz repeater. The first stage of the repeater is
made from the MP40 transistor T executed by the circuit with common base.
This arrangement makes it possible to obtain a low input impedance of the
stage required to match with the P-280 filter.

The first stage is directly connected with the second stage, the transistor
T,, type P416 of which is included in accordance with the circuit with
common emitter. The resistors Ri-R5 define the operating conditions of

the two transistors with respect to direct curremt. The capacitor C; is
blocking. The stage load is the transformer Tp;, fromithe secondary
winding of which the signal is fed to the frequency doubler.

The frequency doubler is made from the transistors T3, Ty, type MP40
= included in accordance with the circuit with common base. The transistors
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- do not have bias on the emitters, and therefore they amplify only the

. positive halfwave of the signal. The transistors are opened alternately

- and in the common collector circuit the current has the shape of unipolar

) pulses (as for the two-halfperiod rectification). This signal contains

- even harmonics of 280 kilohertz frequency. The circuit made up of the
primary winding Tpy and the capacitor C, is tuned to the second harmonic
frequency -- the frequency of 560 kilohertz. With respet to direct current
the multinlier recelves power through the parametric voltage stabilizer R7,
D1, C3. Inasmuch as the feed voltage is fed to the tramsitor collectors
through the multiplier circuit, the amplitude of the current oscillations

. at a frequency of 560 kilohertz in the circuit Tpj, C, cannot exceed the

- voltages on the stabilitron, and the latter operates as an amplitude limiter.

z The signal voltage in the circuit remains unchanged even for voltage
oscillations at the input of the module.

From the secondary winding of the Tpy the signal goes to the input of the
560 kilohertz repeater. The repeater is made two-stage; both transistors

= are included by the circuit with common emitter. The first stage based
on the transistor Tg5 (P416 type) does not have a bias on the base and
amplifies only the negative halfwave of the signal. In the collector cir-

= cuit of the transistor the current has the shape of uniprlar pulses with
repetition frequency of 560 kilohertz (just as for the s.ngle-halfperiod
rectification), and it contains odd harmonics of this frequency. The
resonance circuit made up of the primary winding Tp3 and the capacitor C4
is tuned to the primary harmonic and separates a frequency of 560 kilohertz
for subsequent amplification of it. The Rg, Cg, Rg are automatic bias
elements, For varying Rg, it is possible to regulate the depth of negative
feedback of the stage and the magnitude of the introduced amplification.

_ The output stage (Tg type II1603) operates in the line mode (it amplifies
both halfwaves of the signal). The DC mode is given by the resistors Rjg-
Ry,. The capacitor Cg is blocking; Rg, C5 and R13, Ryy, Cg are the feed

- filters. The load of the terminal stage is a circuit made up of the
primary winding of the output transformer Tps; and the capacitor C7. The
circuit is tuned to a frequency of 560 kilohertz. The secondary winding Tp,
is the output winding. The signal voltage at the output of the amplifier
will be 1.8 volts on a load of 25 ohms.

The amplifier is fed from the 60 volt DC power supply.
Monitoring
Z The monitor KU is designed to control the synchronization of the GIN, GKCh
and G-296 modules. The schematic diagram of the KU is presented in
Fig 7.15.
The control outputs of all the generators are connected to the input of the

module. The group signal is amplified by the preamplifier based on the
transistor T; (P416). The operating conditions of the transistor are
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given by the resistors R6—R9. The resistor R5 plays the role of a shunt,
insuring the required input” impedance:of KU (on the order of 10 ohms).
The capacitory Cj is separating, and C3 is blocking.

"1

-t

PR
Y g i
) | (1)
Figure 7.15. Monitor
Key:
1. "Out of synch" signal

The second stage based on the transistor Ty (P416) operates in the nonlinear
mode (there is no negative bias on the base) and is a detector. The detection
mode is given by the resistors RlO—R1 . For synchronous operation of the
control generators at the detector ou%put all possible frequency fluctuations
are formed which are multiples of 8 kilohertz, The detector load is the
low-frequency filter D-4,0, made up of the elements C4, C., Lj, Cgs Cys

Ly, Cg and Cg. Since the cutoff frequency of the filter is 4,0 kilohertz,
for synchronous operation of the controlled generators the voltage at the
filter output is absent. When any generator falls out of synch its frequency
varies and is not a multiple of 8 kilohertz. In this case, the difference
product of conversion appears at the output. of the detector in the pass band
of the filter which goes through the separating capacitor Cjg to the low-
frequency amplifier (the MP40 type transistors T3, Tj). In order to obtain
a high input impedance required for matching with the filter, the first stage
of the amplifier is made in accordance with the circuit with common collector
The coupling between the first and second stages is direct. The operating
conditions of the transistors are given by the resistors R13-Ry4-

The amplified signal is fed to the detector-amplifier (MP40 type Ts) and
the switching circuit (Tg type MP26). The capacitor Cjj is separating.

In the initial state, that is, in the absence of a signal, Tg5 1s blocked

by a positive potentlal fed to the base of the transistor through the

resistor Rjy. Through the Ryg the T6‘is fully opened and the relay Pp
responds. On appearance of a signal voltage at the base of the Ts the
transistor is opened by negative halfwaves of the input signal, and a pulsating
current smoothed by the capacitor Cjj flows in the collector circuit of the

Tg. As the capacitor is discharged (through the open T5) the negative
potential of the base of Tg decreases, and the transistor closes. The

relay Pj trips, switching on the emergency signal circuit.
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R The monitor receives the current from the DC 60 volt power supply. The
amplifying stages KU are fed through a parametric voltage stabilizer
Ry, R4, Dy and the last, switching stage, through the extinguishing
resistors Ry, Ry. The capacitor C33 smooths the voltage pulsations
occurring in the relay winding on switching the circuit.

Ringer Oscillator

The ringer o-cillator GTIV (Fig 7.16) is used to obtain a frequency of
3825 hertz which is used to feed the static relays of the SIG bays. The
first stage based on the transistor T (MP40) is the autooscillator executed
by the differential bridge circuit. The Lj, C2, C3, C4 circuit is tuned
to a generation frequency of 3825 hertz. The resistors R3, R, insure
generation stability. 1In addition, these resistors jointly with the resistors
R1, R2 create feed conditions of the autooscillator with respect to direct
current, The capacitor Cj is blocking, C5 18 dividing, Within the limits

- of +2 hertz the genmeration frequency can be varied by the trimmer C3. The
relative frequency stability of the oscillator will be 3-10~3 .
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Figure 7.16. Ringer Oscillator
Key: :
1. Control output

2. Control frequency

The signal of the autooscillator is amplified by a two-stage amplifier.

In order to decrease the effect of the load on the oscillation frequency,
- the input impedance of the amplifier is made high-resistance. For this
purpose the transistor Ty (MP40) of the first stage of the amplifier is
connected in accordance with the circuit with common collector. The first
stage of the amplifier is loaded directly on the second, the transistor T3
of which is connected in accordance with the circuit with common emitter.
The operating conditions of the two stages with respect to direct current
are insured by the resistors R8—Rl + In addition, the resistor Rjj creates
negative feedback with respect to current which stabilizes the operation
of the stage.
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The amplifier load is the circuit formed by the inductance of the primary
winding of the output transformer Tpj and the capacitor Cg. The circuit

is tuned to a frequency of 3825 hertz. The secondary winding Tp; is the
output winding. The reslstors Ry,-R;g are ballast resistors and are dis-
connected on connecting the second, third and fourth SIG bays. On a load

of 62 ohms the output voltage of the oscillator is 200413 millivolts. The
step voltage regulation is accomplished by the divider RsRy. The oscillator
has its own parametric voltage stabilizer RjoD; and is powered from a

60 volt DC power supply.

Monitoring the Operation and Switching the Assemblies of the SGO Bay

In the KAMA generating equipment the following modules are redundant:

ZG, GG, GKCh, G-296, UGN and GTV. The modules operating in the basic mode
or in reserve are equivalent; they do not differ with respect to electric
circuitry or with respect to location in the frame of the bay. The monitor-
ing of the state of repair and switching of the modules are accomplished

by the PU switching circuits (Fig 7.17), the operating principle of which

is the same in all modules.

- () §5
. N g;
- Figure 7.17. Switching circuit
Key:
1. To load
2, Control output
3. .-60 volts
4. To the KU
5. PU; [switching circuit]

Each of the generators Gj and G, has a switching circuit analogous to the
PSU of the KRR-M equipment, to the terminals of which the control output
of the corresponding generator is connected.

If the voltage at the input of the PU exceeds the threshold voltage
(Uthreshold)s then Tj is opened, and the trigger is in the state in which
T2 is closed, and Ty is fully opened. The relay P; operates and by its
contact 1-2 connects the basic output of the generator to load.
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When the voltage drops or is diminished at the output of the generator to

a value below threshold, T1 closes, the trigger switches, and the relay P B
is released, disconnecting the generator from the load. The collector

potential of the first transistor, which is close to zero, with Tj open

- becomes more negative, This potential is fed to the diode D3 and the

toggle switch B; to the monitor module where the circuit analogous to *he

PU includes the emetgency signal,

The failed module is determined by the dropping of the emergency signal as
a result of switching off the toggle switch By or B2,

In the case of simultaneous inclusion of the modules in a state of good
repair, the generator at the output of which the voltage appears the faster
is connected to the load first. If this generator is Gy, then the relay Py
responds first and by the contacts 3-4 closes T3, blocking the trigger of
the first switching device in the nonoperating condition.
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i Figure 7.18. Signal circuit of the SGO bay

Key:
1. 60 volts
2, -60 volts
3. Pr -
4, OSL
5. Battery

6. To the row light signal -
7. To the row sound signal

8. Ground from the failed modules and KU

9. KH button

If the generator G; is excited first, then the relay Py responds and by
the analogous contacts 3-4 blocks the trigger of the second PU. Thus, only
one of the generators will always .be connected to load.

s 99

FOR OFFICIAL USE ONLY -

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

PUR ULLivinu VYo Ui

_ The principle of the SGO bay signal system is explained in Fig 7.18.

B When there is damage, the positive of the station battery is fed from the
failed modules to the winding of the relay P; which responds. Through the
circuit made up of the contacts 1-2 of the relay P,, 2-3 of relay Pp,

1-3 of button KH, diode Dy, the positive is fed to the row sound signal
system. Simultaneously the light L burns to signal that the bell has been
switched on. On pressing the button Kd the bell circuit opens and the tube
L goes out., The row optical signal system is included as a result of
feeding the positive through the contact 4-6 of the relay Pj and diode Dj.
A common bay light OSL is 1lit through the diode Dj3.

If the damage is eliminated, then Py is released, and the OSL is extinguished.
Through the closed contact 3-5 of the button KH, again the bell circuit is
closed and the light L burns. The button KH is released, and the signal
system returns to the initial state.

In case of burning of the common bay protector Pr, the relay P2 responds.
Through its contacts 1-3 the positive is fed to the bell circuit, and
through contacts 4-6 and the diodes D4 and D5, to the OSL tube and the
"battery" 1light of the row signal system.

7.9. Electric Power Supply for the KAMA Equipment

The electric power supply for the KAMA equipment comes from the station
battery at 60 (f6) volts, The terminal offices are fed from the battery
directly without application of the current converters and the extinguish-
ing resistances. The required gradations of the feed voltages are obtained
using the parametric voltage stabilizers included in series. For extinguish-
ing the excess voltage, the current stabilizer is connected in series with
the voltage stabilizers. This inclusion of the elements insures high
efficiency of the power supplies and improves the stabilization coefficient
of the output voltages.

The feed circuit of the SIG bay (Fig 7.19) contains the series-included

- parametric voltage stabilizers Dy-D-, and the current stabilizer based on
the transistors T; and T,. The feed circuit elements form three groups of
stabilizing feed voltages between which the entire load of the bay is

- distributed. The first two groups with 15 volts each are designed for a
load current of 0.4 amps. The third feed group with a voltage of 18 volts
is designed for the same load current. In addition,:a number of circuits
of the SIG bay are fed directly from the station battery for which the
fourth feed voltage group of 60 volts is formed (not stabilized).

The parametric voltage stabilizer of each group is executed from two
stabilitrons included in series, and it is used to stabilize the output
voltage on variation of the station battery voltage and load current. In
the first and second groups the stabilitrons D2-Dg, type D815V are used
with stabilization voltage of 7.5-8 volts. Thus, the stabilized voltage
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of each of these groups is 15 volts. In the third group the stabilitron
D¢ :type D815V and D; type D815G are included in series. The stabilitron
D815G has a stabilization voltage of 10 volts; therefore the stabilized
voltage of the third group is 18 volts. ) '

g,
£=3 5
155

sl 3)

158

(3)
%M [i

Te :
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Figure 7.19. Feed plate of the 3IG bay

Key: -

1. 60 volts

2. Pr _
3. 15 volts

4, 18 volts

5. 60 volts

6. Ugtap. _
7

° Ucontrol

- As a result of the application of the stabilitrons the independence of the
- load current of one output with respect to the load current of the other
is insured. Thus, if the load current of the first output is absent, the
entire current goes through the stabilitron, and the load current and
voltage of the other outputs do not change. The capacitors C1-C3
- eliminate the mutual effect of the outputs through the power supply. .
Simultaneously the positive leads of the first and second outputs with
respect to alternating current (through C4, 05) are connected to the
positive lead of the station battery.

The total voltage of the three successively formed groups of feed voltages
. will be 48 volts at the same time as the voltage of the station battery -
will be 60fg volts. In order that the excess voltage be extinguished and ’

also the load current be stabilized, a current stabilizer is connected to
the parametric. voltage stabilizer circuit.
The current stabilizer is executed from transistors T; (P214) and T, (P2014).
In practice the entire load current goes through the transistor Ty
therefore it is regulating., The magnitude of the current flowing through
- the transistor depends on the potential of the space: the more negative
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base potential decreases the transistor resistance at the same time as the
less negative increases it. In order that the current intake by the feed

- circuit not depend on the load and the station battery voltage, the
resistance of the regulating transistor is made controllable. This is
achieved by using a matching transistor Ty, the DC mode of which is given
by the resistors Ry, Ry and the stabilitron D;.

The emitter current of the transistor T, 1s the base current for Ty and

depends on the controlling voltage Ucontrols the negative of which is

_ applied to the base of the Tj tramsistor. The magnitude of the controlling
voltage is determined by the difference between the voltage drop on the
stabilitron Uggap and the voltage drop Uy from the load current on R2,
that is, Ueonerol=Vstap~Une The voltage drop ou'the stabilitron (8 volts)
does not depend on the load current and is strictly constant. The voltage
drop on the resistor Ry, on the other hand, is directly dependent on the

- load current: it increases with an increase in load current and decreases

when the load current decreases., Being the difference of two voltages,

the controlling voltage decreases correspondingly (that is, it becomes

less negative) with an increase in the load current, and it increases (that

is, becomes more negative) with a decrease in it.

The stabilizer is designed for a defined load current; therefore the initial

magnitude of the controlling voltage for a rated load current is given.

On variation of the load current, for example, when it decreases, the

- voltage drop on the resistor Ry decreases, which leads to an increase in
the controlling voltage. With an increase in the load current, the emitter
current of T; (or, what amounts to the same thing, the base current of T2)
increases, and the resistance of T decreases. As a result the load current
assumes the previous value. In the case of an increase in load current

- the magnitude of the controlling voltage and the emitter current of Ty

decrease, and the resistance of Ty increases, lowering the magnitude of

the current in the load to the initial value.

Thus, the current flowing through the resistor Ry is kept invariant and
equal to the rated value, The rated load current is established by the
resistor Rjp.

The electric power supply circuit of the SGO bay does not differ theoret-

. ically from the power supply circuit of the SIG bay, but it contains two
groups of stabilized feed voltages, each of which is designed for a load
current of 0.5 amps with a stabilization voltage of 24 volts. This
voltage is obtained for three series-included D815V stabilitrons. The
stabilizer analogous to the one installed in the feed plate of the SIG
bay is used as the extinguishing resistance and the load current stabilizer.

In the remote electric power circuit of the intermediate repeater station
(Fig 7.20) the feed circuits of the upper and lower repeater stations

are connected to different leads of the phantom circuit. Three parametric
voltage stabilizers eact, forming three independent groups of feed
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voltages, are connected in series to each lead. The group with a voltage
of 22 volts (the stabilitrons Dj Dy, type D816A) is designed to feed the

- control channel receiver PKK. The other two groups each with a voltage

: of 18 volts (the stabilitrons D2-D5, type D815V), feed the repeaters of
the upper and lower frequency groups of corresponding repeater stations
separately. The capacitors C3-Cg are the decoupling elements evcluding
crosstalk between the repeaters. The elements Dri, C1; Dryp, Cp3 Dr3, Cy;
Dry, Cg form the half-sections of the low-frequency filters realizing

- additional filtration of interference in the feed circuit,

. s D)
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- Figure 7.20. Feed circuit of an intermediate repeater station
Key:
1. 60 volts 9. GUs; VUs
2. GUs; VUs 10. 60 volts
3. PKR 11. 22 volts
= 4. GUs 12. P
5. Upper repeater feed 13. Lower repeater feed
6. Drj 14, Dry
7. Dr3
8. 18 volts

The remote feed of the repeaters is through the midpoints of the line
transformers of the multiplexed high~frequency cable pairs. The feed,
as a rule, is organized by the "pair-pair" system. The feed by the "pair-
ground" system is permitted only in an emergency, for as a result of
significant potential difference between the ground points, stabilization
of the feed voltages at the intermediate repeater stations is complicated.

- When organizing the remote feed the terminals Kl—K4 of the feed plate are
connected through the filters D-8 to the widpoints of the line transformers

- (see Fig 7.3). The 320 volt DC voltage received from the 60 volt station

; battery using the transistorized current converters is used as the feed
voltage source. With this voltage the remote feed system organized from
the two terminal statione can feed up to 5NUP, that is, 10 repeater
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stations. In this case in the middle NUP the ll; and M3 jumpers are taken
off, and the contacts 1-1 and 2-2 of the jumpers II; and II3 are connected.
It is also possible to take off the jumpers II; and I, and conmect their
contacts 1-1 and 2-2. In both cases each of the terminal offices feeds
five repeater stations.

If the number of NUP does not exceed two, then the feed is organized only
from one of the terminal offices. For this purpose, at the terminal
office opposite to the feed a loop is made, that is, the terminals K3 and
K; are connected if the feed is from office A (the left) and the terminals

- K; and K, from office B (the right). The second terminal office remains
in reserve in this case.

The remote feed system of the KAMA equipment provides for the possibility
of determining the damaged section when a feed circuit breaks. For this
purpose there is a D7, Ry circuit installed using the jumpers 5, Mg on
each NUP from the feed office side. In the operating remote feed mode the
diode Dy (D226) is connected opposite to the feed voltage and has no
effect on the operation of the plate. When a section of the feed circuit
is damaged, the feeding terminal offices change the polarity of the feed

_ voltage. In this case the diode in the NUP is included in the direct
routing and by the magnitude of the remote feed current it is possible
approximately to determine the location of the damage on the line.

With local feed the requifed gradations of feed voltages in each of the
repeating stations are obtained directly from the 60 volt station battery
by including the extinguishing resistances in series with the load.

Test Questions

1. What is the purpose and the basic differences of the KAMA equipment
from the KRR-M equipment?

2. What modules enter into the terminal and intermediate station equipment?

3. Explain the current transmission and purpose of the assemblies of the
transmitting and receiving channels of the terminal offices A and B.

4. Explain the structural diagram and purpose of the assemblies of the
- intermediate repeater station.

5. How do the ALC and the GCM operate at the terminal and intermediate
= stations? .

6. Explain the purpose, technical specifications and the schematic
peculiarities of the group and auxiliary repeaters.

- 7. List the structural characteristics of the channel transmitter and
= explain its operation.
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8. Do the same for the chamel receiver.

3
sad

9. Explain the functional diagram of the generating equipment.

10. What are the structural characteristics and operating principles of
the generating equipment modules?

11. How are the redundancy and the switching of the generating equipment
modules accomplished?

12. How 1s the electric power supply set up for the terminal offices and
the intermediate repeater stations?
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CHAPTER 8. USE OF PULSE-CODE MODULATION IN MULTIPLEXING EQUIPMENT
8.1. Structural Characteristics of the PCM-TS Coupling Systems

A significant disadvantage of the multiplexing equipment constructed by the
principle of frequency division of the signals is the fact that for
effective use of it in the city telephone service it is necessary to lay a
special cable with styroflex insulation of the MKS type conductors. In
addition, in the telephone networks of large cities there are a large number
of previously laid cables with paper insulation which have not been multi-

- plexed at the present time. The KRR equipment is inefficiently used in

- such cables as a result of the low crosstalk attenuvation between the pairs

- on the frequenciex of the line spectrum of this equipment. In order to

B fall within the norm with respect to crosstalk attenuation, the length of
the repeater section on low-frequency cables must be limited to 3-5 km
and, in addition, the pairs suitable for multiplexing must be carefully
selected. It is expedient to multiplex such cables using the IKM-VD
[PCM~TS] equipment, the basis for the construction of which is the pulse-
code modulation method and time sharing of the chanmnels.

As is obvious, any type of information is transmitted over the line by

electrical signals which constitute some amount of, for example, current

or voltage which varies in time according to a defined law. With respect

z to their nature the signals can be analog and digital. An example of an
analog signal (Fig 8.la) is a voice signal in which the voltage or current

- _ varies continuously in accordance ... [original text discontinued at this
point].

e —

- a1 c ;")-l}
B f/\/\/v*t ‘;nnnnnL,

Figure 8.1. Analog and digital signals
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CHAPTER 9. RELAY ASSEMBLIES OF MULTIFLEXED TRUNKS
9.1. General Information

The relay assemblies of multiplexed trunks together with the differential
systems are an intermediate matching circuit which is included between the
office devices of the automatic office and the low-frequency terminals of
the channel formed by the KRR equipment. The assemblies are distinguished
with respect to structural design and circuitry depending on where the
multiplexing equipment is installed: between the automatic office or between
the automatic and long distance offices and also depending on the automatic
office system: 10-step or crossbar. In addition, assemblies installed on
the outgoing or incoming sides of the channel are distinguished.

The relay assemblies are executed in the form of removable plates on separate
frames making up the equipment of the terminal offices. The number of
assemblles installed on one frame is 20 for the 10- step system (ATS-DSh)

and 30 for the crossbar system (ATSK). A signal plate 1s also installed

on the frams. The station conductors are connected to the assemblies on

the frames.

The RSLU [multiplex trunk relay] assemblies are connected to the multiplexing
channel equipment by the differential systems DS executed from resistors.

The differential systems provide for the transition from the two-wire low-
frequency channel to the four~wire channel of the KRR equipment,

The relay assembly is used to control the operation of the signal channel.
In the corresponding connection phases, when the interaction signals must
be transmitted over the high-frequency channel, defined relays of the
assembly close the positive feed circuit of the battery with raespect to the
signal conductor of the relay assembly to the static relay of the channel.
The static relay opens and transmits the signal current to the channel.

In this case the duration and also the nature of arrival of the signal
frequency in the chanmmel correspond to this duration and nature of the
positive feed through the relay contacts. For example, when dialing a
number the signal frequency goes in the form of pulses repeating the pulsa-
tion of the positive feed on the signal line. At othér connection times
the signal frequency goes continuously or is absent in general.

¢
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On the receiving end of the channel, after demodulation and amplificationm,
the signal frequency goes to the control signal receiver PSU where it is
converted to a direct current and controls the operation of the relay K of
the outgoing assembly or the relay RZ of the incoming assembly. These
relays, in turn, adjust the circuits of the assemblies so that the direct
current sendings reach the devices of the opposite automatic office exactly
as the analogous signals were transmitted from the opposite automatic office.

When studying the circuitry of the RSLU assemblies it 1s recommended that
the following principles be considered.

1. Each new connection phase differs from the preceding one by the state

of the signal chanmel, that is, by the absence of a signal frequency,
pulsation or continuous arrival of the signal frequency. There is no

signal frequency in a free, good channel. From the time the channel becomes
busy, the signal frequency sendings start, which become pulsating when the
number is dialed. These sendings stop during a conversation. When either
subscriber sends a ring-off, the signal frequency sendings are remewed to
transmit the ring-off signal to the opposite office and initialize the
assembly circuits.

2. The transmission of the signal frequency in one direction causes
transmission of it in the opposite direction. The analogous situation
occurs when it stops. .

3. The interaction signals, on being transmitted over the signal channel,
change the polarity on the speaking lines of the outgoing or incoming
RSLU assemblv. Then these signals are transmitted to the IGI selector or
LI connector circuits, creating the speaking, ring-off or other condition
in these circuits.

4. With positive battery feed to the static relay of the outgoing side of
the chamnnel the RZ relay in the incoming RSLU assembly responds first,

and with positive feed to the static relay of the incoming side the relay
K in the outgoing RSLU assembly responds first.

9.2. RSLU ATS-DSh [10-Step System Multiplexed Trunk Relay] Assemblies

The RSLUL [outgoing RSLU] and RSLUV [incoming RSLU] assemblies are
installed on the high-frequency trunks formed by the KRR-M equipment
between the automatic offices of the 10-step system (GATS-47 and GATS-54).

Fig 9.1 shows the structural diagram of the assembly. From the automatic
office devices to the differential system of the assembly there are two
wires a and b. From the differential system to the KRR-M channel to the
transceiver there are four wires: two for transmission and two for
reception. The third wire c is connected directly to the relay assembly
connected to the multiplexing equipment by two wires. The signal frequency
feed through the static relay SR to the chanmel is controlled by ome of
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- these wires, and the reception of the DC sendings from the signal channel

_ receiver PSK to the relay K (RZ) of the RSLU assembly 1s controlled by
the other.

The schematic diagrams of the assemblies are presented in Figures 9.2 and

_ 9.3. 1In addition to the relay assembly and the differential system, each

- circuit includes three attenuators: Udl] and Udl; 0.35 decibels (0.4 nepers);
Udl3 0.17 decibels (0.2 nepers) and two diodes, Using the attenuators,

the required signal level is created in the channel and the diodes inzluded

opposite to each other play the role of the signal amplitude limiter, the

operating principle of which can be explained by Fig 9.4. Two graphs are
combined in the figure: 1) dependence of the resistance R of the diode on
the voltage applied to it and 2) variation of the voltage in the'time ¢,

_ As 1s obvious from the figure, the higher the voltage is with respect to
magnitude, the less the diode resistance. Therefore when the signal
voltage is small -(curve u31), the resistance of the diodes is large (points
1-1), and they do not shunt the talk channel. When the signal voltage
corresponds to the curve uy, the diode resistance decreases sharply (points

. 2-2), and a large current branches :hrough them. This limits the magnitude

of the current coming into the channel, and destruction of the transceiver
level diagram is prewented.

. | ! ﬁ;!f"dhf‘u oy -
' ' ) '
(2) } —w fepedave
L' N
i =i ,—r;-gﬂa - @
(T)TI— 3 E) — .flpueu

) = (6)

: Pen-46 (4) |

Figure 9.1. Structural diagram of the RSLU assembly
Key:

1. To the automatic office
2. RSLU assembly

3. DS
- 4. RSL-DS
5. PSK
6. Reception
- 7. Transmission
8. SR
. 9. G
_ i0

+ £=3.8 kilohertz

The attenuations introduced by the RSLU assemblies into the 800 hertz
_ channel are equal to 13 decibels (1.5 nepers) in the transmission
direction (from point P1~Py to points p;, pg) and 7.8 decibels (0.9 nepers)
in the reception direction” (from points pg, pjg to points P1s p2).
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Purpose of the Outgoing Assembly Relay. 0 — ring-off relay -- responds
when the assembly is busy, holds for the entire time of the conversation
and is released after the two-way ring-off;

I -- the pulse relay ~- receives the dial pulses from the GI [selector]
circuit and transmits them to the high-frequency channel;

§ -- series relay -- responds on arrival at the first dial pulse and holds
for the entire series of pulses, disconnects the separating capacitors

Cg and Cg from the pulse circuit, excluding their effect on the operation
of the pulse relay; ) ‘

K —- control relay -- is included in the collector circuit of the output

stage of the PSU and operates, receiving the control signals from the ‘
multiplexing equipment; -

B -- auxiliary relay to the relay K;

RO -- when the assembly is busy it responds following the relay O and i
insures more reliable operation of the relay K to the completion of the
establishment of the connection. For the time of the conversation it
connects the resistor R7-1500 parallel to the relay K, eliminating the
possibility of its wearing out during the conversation and insuring its
slow tripping at th.: end of the conversation;

0S -- relay for completion of establishment of connection --~ responds when
the called subscriber answers and holds for the entire conversation. It
is released after two-way ring-off. Before the called subscriber answers
it shunts the transmitting talk channel of the high-frequency channel,
preventing the occurrence of generation in the unloaded channel on the
subscriber line and telephone and protecting the channel from powerful
pulses arising at the input of the differential system from charging and
discharging of the separating capacitors during transmission of the number
dialing pulses;

PK -- the channel damage relay -- provides for sending a "busy'" signal to

the subscriber when the channel fails and switches on the office signal;

SV -- interaction signal relay -- responds on ring~off both from the
calling party's side and from the called subscriber's side.

Purpose of the incoming assembly relays. The RZ -- the busy relay -- is
included in the collector circuit of the output transistor of the PSU

and operates, on receiving control signals from the KRR equipment. It
receives and transmits busy signals, dial pulses and all the interaction
signals between IGI selector and LI conmnector in all steps of establishing
a connection and ring-off;

|
|
110 I

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



CIA-RDP82-00850R000200050060-8

APPROVED FOR RELEASE: 2007/02/08:

FOR OFFICIAL USE ONLY

071SY 3utwodur ay3 ia3zye N'IS¥ ¥4yl 3o uorjeaado 103 saodumf —— £

£309Uw09 - x £309UUOISTp —— M $Sq swexy ay3 Jo 13sod |ay3 o3 3Io9uwOD:
@at3edou ay3 oje3 safoa yz- woxy j Le[31 3yl jo uorjeaado Io

pue [y 1o3sTsex ay3 woay
3 —— A fsuyo QgQz uUey3l Ix0m

30 9OUBISTSII SITM € I0F —- N {PIJIBUUOISTP —- 3 $PIIIOUUGD = & f{deTax 217EIS BYI YITM

aowumuwmo 103 PaTTe3Isutr ST a1d3dunf{ —-.1 Sjusmdynbe BurxerdrItnm 9y3 03 —— b
*ST3qQT9p ¢/°T -~ © f103®NUazle Eypp ~-. u $STOQTO9p C°¢ — mw

fIojenwelae ITpn —- N $dS °*NY —

€ . —_— —_— -~ .
N g 3 fgv P ¢IND -2~ €38 -~ q fyc-giv ‘Ly-SIV 3O 10399T3S IHI @Yz Of —-

w3Isds do93s-QT 4sSa-SIV ayl o3 Burfdnoo 103 LTquesse 107sY¥ Sutol3ang

RUZd TOMEPOLG 210U Fif%s Mm.mws.- —_—

Y nawed ardmum s ,a. ” 4 &
BTN Cwrsrd G 2- 11 i ar «Eﬂuww%whmo&hf?
2

A

*6 3an3tg

3 n)  wpo0z 2me 4 0 ~ece
- SWogTa nau =Nﬁawa§ a&nw.ﬂli’ " @ &5..6%\ w.«zgwaﬂmg‘w% n%%\w.m& LxI...NM Ww a4 (®)
.,. O I 1 auogod ﬁeasmugéu@gmﬁwwwﬁﬂﬁmwhﬁ e
N 2 AMV T itz :
— 5 (8) (P)
.‘ - 4 wuh Qﬁaﬁ -
o - Tl « o
a x .
z /% H
I~ 5 i
Lavpn . o] x| vl Ml ;
R TRl R g o
[}
® 3 s
5 2y "o o
=
g 7 e i o0 &,
S
S s i 5 L .
S o (®)
< . : g =
s T AP
3 =4§= ay® >
g . 0 <
i @W s
- I
(L i3
iR
(AR B P
u
%lﬂﬂﬂ) nw
9 ¥

b_ fEND -dsy -- *d
e f103enuaaje C¢1pp —
.. € fTeudys Lsnq — T Ss3Toa 09 —- g fag

T

19 -~ 8 f1g -~-3

”
ey |

111

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



CIA-RDP82-00850R000200050060-8

2007/02/08:

APPROVED FOR RELEASE

B PNV Py PO VIV P VT PPy

Gg @we1y a2yl Jo 3sod @yl 03 poaa3F pue 8Y I0ISTS9I 2yl woxJ dATIeSsu 9yl ayel ol Laessadou ST
3T SITOA #Z- woaJ AeTa1 Zy @Yz Jo uoriezado 103 —— I $LBT3X OTILIS Y3l YI[m uorleaado

103 9wWeij 92yl UO PITTEISUT — b £1030973s IH AT/II-NISH 24Ul 3JO uwoTIdas Indur 9yl uf Junil
ay3 y8noayj uorieaddo 103 joouucd -- d f4G-SIV €/y-SIV °Y3 JO SI0309T3S ID AI/II =43 3Jo
Indur 9Yy3 03 —— 0 $g§ —— U SBSA —— mw TN — T SN —— % SIND °gST —- § $CND 'dS1I — T
£STaqTOOp G/°'T -- Y f1olenualile €1pn —— 8 ¢sTPqQIO9p G°C ~—- 3 fIojenualie Lypn -- @
f303enuaije Nva -— P <€no dsi -- ° fz3aey QOQE -- q ¢Iucowdynbo JurxeydriTnu a3yl ol -- ®

wo3sds de3s-QT UYSd-SIV @42 03 Surrdnoo 103 ATquosse ANTSY Sutwmoouy g6 2IndTd

v

S nwwpd wdnuwm . - @
o1 awppol 0 8y ndowdne . . RIORE,
(X)) -aa 2 2fumi qwen3 Ghagoxpoaw
guz- wo gd vsd swogod ndy ¢ g
Susdwpwd 03 U =

(D)  _opna nau awwzd poigrusus | S| 02
DH LAIDYMIYIHDUIN, ——— 2
W1/ -6 7 2A=DHfl DK [T W
(d)  cadan auisgrd ndu uusoug—— §

~
L)
~’

snwanwcuali adfwpdouud ¥

q)
g06(1=0

! | 20 . Gx ¥ _..d nf | v (P
6002\ Pyt :
o0y S20 mﬂn 19 T SO "o ] ilmnﬂ) o

= 3 g

; _‘U_ agos0z " (3) fapsno
] u /I‘LPK . 2 [} ¢ o
% i (I £ _ <

@

- %-. 0¥ D,
#5-01 19210 HJ 21/ 0049 oY

112
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

FOR OFFICIAL USE ONLY ' -

©
—_—

")
\

1
L1t

Figure 9.4. Explanétion of the principle of limiting the
current amplitude

N is the auxiliary relay for the RZ relay which responds at the time the
assembly becomes busy and holds until the called subscriber answers;

; P -~ the test relay -- responds when the assembly is busy and holds until
ring-off; ‘

KI -- the pulse relay of the pulse corrector;
KS -- the series relay of the pulse corrector;

SA -- the signal relay of the line a -- receives the signal from the LI

[connector] circuit that the subscriber has answered, holds the armature .
_ for the entire time of the conversation, transmits the ring-off signal of

the called subscriber when he hangs up the phone last;

VSA -- auxiliary relay for the SA;

SB -- signal relay of line b -~ controls the presence and the state of
repair of the II/IVGI selector equipment over line c¢ at the output of the
incoming RSLU assembly. It recelves the ring-off signal over line b from
the LI circuit and transmits it in the direction of the outgoing automatic
office when the called subscriber hangs up the phone first.

Initial State of the Assemblies. When the KRR-M equipment channel is

in a state of good repair and II/IVGI selector in the incoming automatic

office is also in good repair and 1s in the initial state, no relay is

operating in the outgoing RSLU assembly, the positive feed of the battery

1s not fed over the signal line pjj; to the static relay and, consequently,

the signal frequency current is not transmitted in the direction of the

incoming automatic office. ) .

In the incoming assembly the relay SB is under current which receives the
" negative feed from the battery from the II/IVGI selector circuit over
line b. The contact 12-13 of the relay SB breaks the signal conductor P11
as a result of which the positive feed is picked up from the standard
relay, and the signal frequency current is not transmitted in the direction
~of the outgoing office.
113 o )
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If the II/IVGI selector in the incoming automatic office is damaged or

removed, then the Sb relay trips the armature and closes the positive

- feed circuit to the static relay of the incoming side of the channel.
The signal frequency current is transmitted over the high-frequency
channel of the KRR equipment in the direction of the outgoing automatic

office, and in the RSLUI assembly the relay K responds according to the
following circuit:

1. The 60 volt negative terminal; the conductor Pcs the contact 1-5 of
the relay K; the springs 1-2 of the test socket Gn3; the wire Pgs the
collector of the output ransistor of the PSU; the Junctions: collector-
base and base-emitter; the 60 volt positive terminal.

The relay B responds according to the following circuit following the
relay K:

2. Positive terminal; contact 14-15 of the relay K; winding 1-2 of the
relay B; negative terminal.

- The possibility of a busy outgoing assembly is prevented by the contact
13-14 of the relay B, and the contact 11-12 closes the circuit for burning
the tube AS of the frame and the individual tube of the assembly. By the
signal received the service personnel of the outgoing automatic station
communicate the presence of damage to the incoming automatic station.

Assembly Busy. When the RSLUI assembly is busy on the GI side the relay O
responds overthe wire c by the following circuit:

3. The positive terminal from the GI circuit through the winding of the
test relay; wire c; winding 4-3 of the relay O; contact 33-32 of the

relay O; springs 2-1 of the blocking button BKn; contact 32-31 of the
relay PK; contact 14-13 of the relay B, resistor R9-200, negative terminal.

The relay 0, responding,is blocked by its contact 33-31; the contact 14-15
closes the positive feed circuit to the static relay as a result of which
the signal frequency current goes to the channel transmitter. In the
transmitter the signal frequency modulates the carrier frequency of the
channel, and in the form of the sideband it passes through the group
equipment of the transmitting channel of the outgoing automatic station,
then along the line, the group equipment of the receiving channel of the
incoming automatic station, it is demodulated in the channel receiver and
forces response of the relay RZ in the incoming RSLU assembly. The purpose
of operation of the RZ relay is analogous to circuit 1 for operation of
the relay K in the outgoing assembly.

The relay RZ, responding, creates by the contact 54~55 the operating
circuit of the test relay I
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4. Positive terminal; winding 1-5 of the relay II; contact 55-54 of the
relay RZ, wire c, II/IVGI selector; relay O in the II/IVGI selector;
negative terminal.

The relay SB trips its armature. The auxiliary relay H responds to the
contact 11-12 of the relay RZ:

5. Positive terminal; contact 12-11 of relay RZ; windings 1-2 and 2-3 of
relay H; negative terminal.

The relay H blocks the operating circuit of the relay P by the contact
51-52. This relay continues to hold its armature independently of the
contacts of the RZ relay, and by the contact 31-32 shunts its low~
resistance winding 1-2 and becomes delayed for releasing. Through the
quiescent contacts 12-13 of the relay SB and 31-32 of the relay SA the
positive feed goes to static relay, and the signal frequency is trans-
mitted in the direction of the outgoing automatic office.

In the RSLUI assembly the relay K responds, then the relay B. The contact
14-13 of the relay B breaks the wire c, by which the busy state of the
given assembly is noted. In the outgoing assembly the relay RO also
responds by the following circuit: :

6. Positive feed; contact 12-11 of the relay 0; contact 11-12 of the
relay 0S; winding 5-1 of the relay RO; negative terminal,

By the contact 33-34 the relay RO disconnects the resistor R7-1500 from
the winding of the relay K, insuring more reliable operation of it for
the time that the assembly is busy. Thus, a circular check takes place
when the good channel is busy. If the high frequency channel has failed,
then the signal frequency current does not go in the forward direction,
and, consequently, also in the return direction or only in the return
direction, and the relays K and B in the RSLUI assembly do not respond.
When the first pulse of the number dialed by the subscriber arrives, the
relay I responds over the following circuits:

7. Positive feed from IGI selector; wire a; contact 33-34 of the relay 0S;
winding 3-4 of the relay I; negative feed.

8. Negative feed from the IGI; wire b; contact 14-13 of the relay 0S;
winding 2-1 of the relay I, positive.

The contact 33-31 of the rulay I closes the operating circuit of the relay
S.

9. Positive; contact 12-11 of the relay 0; 11-12 of relay 0S; 31-33 of
relay I; windings :1~2 and 2-3 of relay S; negative.
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Through the operating contact of the relay S and the quiescent contact of
the relay V the relay PK responds in the circuit 10.

10. Positive; contacts 12-11 of relay S; 43-54 of the relay V; winding
5-1 of the relay PK, negative.

After completion of dialing the first digit of the number the relay $
releases, but the relay PK continues to hold its armature, for, responding,
it was blocked by its contact 11-12, receiving the positive through the
closed springs 3-2 of the SB button. The contacts 14-15 and 54-55 of the
relay PK closes the feed circuit of the "busy" signal along the wires a -
and b in the direction of the calling subscriber, and the contact 51-52 of -
this relay closes the signal light circuit of AS:

1. Positive; contact 52-51 of the relay PK; 31-32 of the relay S; and in L
parallel the resistor R;g-1000; then negative through the springs of the
button BL and the signal plate of the frame.

The subscriber, hearing the "busy" signal hangs up the phone. In the
RSLUI assembly the relay O releases, and the relay PK remains under
current.

The contact 31-32 of the relay PK opens the line c¢ in the direction of IGI,
by which the assembly is blocked from busy. In order to remove the block
after eliminating the damage, the service personnel must press the button
SB. Then the relay PK releases. The signal AS is extinguished, and the
RSLU assembly is ready for the new busy, that is, the initial state of the
assemblies is restored.

When the good channel is busy, in the RSLUI the relays O, RO; K, V are
under current, and in the RSLUV, the relays RZ, N, P.

Dialing a Number. When dialing a number from the pulses relayed from IGI,
in the outgoing assembly the relay I pulsates (circuit 7 and 8). The
contact 53-54 of the relay I periodically breaks the sending of the signal
frequency to the high-frequency channel, and the dial pulses are transmitted
to the incoming assembly.

With the first dial pulse in the outgoing assembly with respect to circuit
9 the relay S responds. The contacts 33-34 and 53-54 disconnect the
separating capacitors Cg, Cq from the pulse relay at the time of dialing
so that distortions are not introduced into operation. The contacts 13-14
and 34-35 of the relay S connect the resistors R4 and Rg to these
capacitors. The capacitors are discharged through the resistors. This
prevents false operation of the pulse relay after completion of relaying
the pulses. On completion of the series the relay S is released.

In the incoming assembly in the cycle with the incoming pulses the relay
RZ pulsates, where when the current pulse appears in the relay I and its
contact 53-54 is open, the signal frequency sending to the incoming
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automatic office is broken, At this time, there is no pulse in the RZ

relay, and it releases. Thus, the pulses received turn out to be
inverted.

.

Since the pulse duration tpyjge 1s made up of the closing time t, and the
opening time t, of the pulse circuit which are different (with a pulse
coefficient K, j50=1.6, t, is greater than t. by 1.6 times), then in the
incoming assembly the ratio of t, and t. is disturbed with respect to the
outgoing assembly. For correction of the pulses, a pulse corrector is
introduced into the incoming assembly circuit. This corrector is made up
of a capacitor Cg with a capacitance of 8 microfarads, relays KI, KS and
resistors. The operation of the corrector can be explained according to
Figures 9.5 and 9.6 in which the basic electrical circuits characterizing
= the correction process and the time diagrams of the operation of the
corrector are presented.

Let the subscriber dial the number 2. On first response of the relay I
in the outgoing RSLUI relay assembly (Fig 9.5a and 9.6a) the contacts of
relay I break the signa line to the high-frequency channel, as a .result
of which the relay RZ releases in the incoming RSLUV assembly (Figures
9.5b and 9.6b). The capacitor Ce (Fig 9.5¢) is discharged through the
contact 13-14 of the relay RZ by the following circuit:

12, Positive; capacitor Cg; contacts 12-13 of the relay P; 14-13 of the
relay RZ; 51-52 ~of the relay KI; resistor KI-250; negative,

('Z)g ' G < -
. Se it g
5% n@;j wl 2wl = _
@ g8 w'_lﬁj_ff_ @[S ®
IS (3) B I—g:.
- ) «
PO PO P, G g a9, 6

) st FMLJAJ__ML_::_"
e % e ) v

(10) meﬂwpww
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Do aem B s (16)

+o—f Bl a2,
’ : .I Z_ .

(13) &%8) . (13) t2

+ ., N P
- 8), &-mp, M KM 3N
o domimp il il 2 | S8 an

Figure 9.5. Explanation of operation of the number dialing pulse
Key: corrector
1 -= From the devices of the outgoing automatic office; 2 -- I;
3 -~ 08; 4 -~ DS; 5 - to the high-frequency channel; 6 -- PK;
7 --0S; 8 -~ I; 9 — SV; 10 -- to the static relay; 11 -~ P; 12 -- RZ;
13 —- KI; 14 -~ KI-250; 15 -- Vsa; 16 —- SB; 17 —- to the incoming
automatic office devices; 18 ~- KS
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Figure 9.6. Time diagrams of the corrector

Key:
1. T
2. RZ
3. KI
4. KS :

5. Sending dial pulses to the automatic office input
6. t, milliseconds M

During subsequent releasing the relay I, the relay RZ responds and by

its contacts creates the discharge circuit of the capacitor through the
relay winding KI (Fig 9.5e). The relay KI responds (Fig 9.6c) and by its
contacts creates the operating circuit of the relay KS (Fig 9.5e) which,
responding, holds during the entire pulse series (Fig 9.6d).

On repeated response of the relay I in the RSLUI, the relay RZ in the
RSLUV releases a second time, and again the capacitor discharges. The
relay KS continues to hold through the quiescent contacts 31-32 of the
relay RZ. Until the relay RZ is deenergized (t1—t2) the first dial pulse
is transmitted in the direction of the incoming automatic office by the
circuits presented in Fig 9.5 f and. g.

Thus, the sending of the first pulse to the incoming automatic office
(Fig 9.6e) takes place only after the second releasing of the relay RZ.

After repeated release of the relay I and response of the relay RZ the
capacitor Cg again discharges through the winding KI which, on responding,
again cuts off the sending of the first pulse in the direction of the
incoming automatic office. Here the relay KS continues to hold its arma-
ture through the operating contact 12-13 of the relay KI, After discharge
of the capacitor (t3) the relays KI and KS are released. During the delayed
releasing of the relay KS to the time t, the second dial pulse is trans-
mitted through the quiescent contacts of the relays KI and KS. Thus,

the sending of the last pulse of each dial series depends on the release
time of the relay KS which is regulated by the resistor Rg and must be
within the limits of 60-70 milliseconds.

118
FOR OFEIGTAL, ISE ONLY.. .

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

= FOR OFFICIAL USE ONLY

Subscriber Answers. When the called subscriber answers, the poles of the
line a switch in the LI connector, for which instead of the negative, the
positive feed of the battery starts, and the insulation of the line b
takes place from which the polarity is picked up. With this polarity on
the subscriber lines in the RSLUV assembly the relay SA responds by the
circuit:

17. Positive along the line a from LI; contacts 12-11 of relay KS;
31-32 of relay SA; winding 5-4 of relay SA; contact 11-13 of relay N;
windings 2-1 of relay SA; negative.

The relay SA, responding, continues to hold the armature in the local
circuit:

18. Positive; contact 32-31 of relay VSA; 31-33 of relay SA; winding 5-4
of relay SA; contact 11-13 of relay N; winding 2-1 of relay SA; negative.

The contact 53-54 of relay SA breaks the signal conductor and the sending
of the signal frequency to the high-frequency channel stops. In the out~
going assembly the relay K releases and the relay OS responds by the
following circuit:

19. Positive; contact 12-11 of relay 0; 33-32 of relay K; 52-51 of relay S;
52-51 of relay V; winding 5-4 of relay S; winding 5-4 of relay V; relay 0S;
negative.

Relay V continues to hold in the same circuit.,

By the contact 51-52 of relay 0S, the shunt is moved from the speaking
channel in the transmission direction. The contacts 14-15 and 34~35 of

the relay OS switch the poles of the line a and insulate the line b in the
direction of IGI. The contact 54-55 of the relay OS picks up a positive
from the signal wire and stops sending the signal frequency in the direc-
tion of the incoming office. The contact 11-12 of the relay OS breaks

the operating circuit of the relay RO, and it drops. The quiescent contact
33-34 of the relay RO connects the resistor Ry in parallel with the wind-
ing of the relay K. The resistor Ry prevents response of the relay K
during the conversation.

In the incoming RSLU assembly the relays RZ and N release and the operating
- circuit of the relay VSA is created:

20. Positive; contact 13-14 of relay SA; wihding 1-2 of relay VSA;
contact 12-13 of relay N; 32-31 of relay SB; winding 2-1 of relay SA;
negative,

In this circuit the relay VSA responds, and the relay SA continues to
hold its armature.
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After releasing the relays RZ and N, the test relay P of the assembly and
the ring-off relay O of II/IVGI are blocked by the contact 51-52 of the
relay SA. Thus, during the conversation in the outgoing assembly the
relays O, V, OS are held, and in the incoming channel SA, VSA, P.

Ring-off from the Direction of the Calling Subscriber. If the calling

subscriber hangs up the phone first, then a negative pulse will be fed to
- the line a from IGI. In the outgoing RSLU assembly the relay SV responds
by the feilowing circuit:

= 21. Negative over line a from IGI; contact 34-35 of relay 0S; winding 1-2
of relay SV; contact 53-54 of relay K; positive.

The contact 12-13 of relay SV closes the signal line, and a signal frequency
‘is sent in the direction of the incoming automatic office. In the incoming
RSLU assembly the RZ relay responds, and after it the relay N. The contacts
13-11 of the relay N and 52-51 of relay VSA connect the thousand-ohm wind-
ing 1-2 of the relay SA with the negative at the end to the line a in the
LI direction. Accordingly, the signal will be transmitted to the LI about
ring-off on the part of the calling subscriber. The contact 33-34 of the
relay N blocks the relay VSA.

When the called subscriber, having received the "busy" signal from the LI
hangs up the phone, the poles of the lines in the LI reverse in the
direction of the incoming assembly: 1line a is insulated, and the negative
will be fed to the line b. For this polarity on the lines in the RSLUV
the relay SA releases, and the relay SB responds according to the following
circuit:

23. Positive; winding 3-4 of relay SB, contact 51-52 of relay KS;
51-52 of relay P; line b; negative from the LI.

The contact 13-11 of the relay SB closes the signal line, and the signal
frequency goes in the direction of the outgoing automatic office. In the
RSLUI assembly the relay K responds, and the contact 11-12 comnects the
negative to the line b in the direction of IGI through the winding 4-5 of
the relay SV; and the contact 53-54 insulates the line a. For this polar-
ity on the lines, IGI goes to ring-off and picks up the positive from the
line c in the direction of the outgoing assembly where the relays O, OS
and SV drop. The signal line is broken, and the sending of the signal
frequency to the incoming automatic office stops.

In the RSLUV assembly the relays RZ, N and VSA drop. The positive is
picked up from the line ¢ in the direction II/IVGI, and all the devices

of the incoming automatic office go to ring-off. The relay P drops, the
relay SB is free of the negative with respect to line b and also drops.
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After return of II/IVGI to the initial state the relay SB again responds,
receiving the negative over the line c. The contactsl3-11 of the relay
5B and 54-53 of relay P break the current sending of signal frequency to
the channel. 1In the RSLUI, the relays K and V drop. The RSLUI and the
RSLUV assemblies reach the initial state.

_ Ring-off from the Direction of the Called Subscriber. If the called sub-
scriber hangs up first, then a pole switch takes place on the lines in the
GI direction so that the wire a 1s insulated, and a negative is fed to the

line b. In the incoming assembly the relay SB responds according to the
following circuit:

24, Negative from LI along the line b; line b in the RSLUV assembly;
the contact 51-52 of the relay KS; winding 4-3 of the relay SB; positive.

The contact 31~32 of the relay SB breaks the operating circuit of the

relay SA which slowly drops. The contact 11-13 of the relay SB closes the
) signal line in the direction of the high~frequency channel, and the signal
] frequency is transmitted to the outgoing automatic office, In the delayed

release time of the relay SA the relay N responds by the following circuit:

25. Positive; contact 52-53 of relay SB; 11-12 of the relay SA; windings
1-2 and 2-3 of the relay N; negative.

- The contact 51-52 of the relay N provides for holding the relay P in the
- RSLU assembly and the relay O in the II/IVGI with respect to the line c.
- The contact 33-34 of the relay N blocks the relay VSA.

_ From the sendings of signal freqgency in the RSLUI assembly the relay K
responds, and the poles of the lines are switched in the IGI direction:
the wire a is insulated, and the negative is fed to the wire b through
the winding 4-5 of the relay SV, The relay SV responds in the circuit
in series with the relay SB to the IGI.

The contact 12-13 of the relay SV closes the signal line and the signal
frequency current goes in the direction of the incoming automatic office.
In the RSLUV assembly the RZ relay responds, and the relay N continues

. to hold through the contact 51~52 of the relay RZ. The calling subscriber
- receives the "busy" signal from the LI circuit and hangs up the phone.

The instruments of the outgoing automatic office g0 to ring-off., 1In the
RSLUI assembly the relays 0, 0S, SV release, and the sending of the
signal frequency to the incoming automatic office stops. In the RSLUV
assembly, the relays RZ, N and VSA are released, the delay circuit of the
relay P of the assembly 1s disturbed, and the relay O in II/IVGI with
respect to the line c. All of the devices of the incoming automatic
office go to ring-off, reverse pole switching of the lines a and b takes
place in the LI. In the incoming RSLU assembly the relay SB releases,
and the signal line in the direction of the multiplexing equipment is
closed through the quiescent contacts of the relays SA and SB.
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When the II/IVGI instrument circuit reaches the initial state, again the
relay SB responds with respect to the wire c and breaks the signal
frequency sending to the outgoirg automatic office. The relays K and V
release in the RSLUL assembly, and the assembly will be ready for a new
busy.

ni

9.3. The RSLUMlRelay Assembly

The RSLUMI and RSLUMV outgoing and incoming relay assemblies are installed
on the trunks between the automatic offices and the long distance offices.
The outgoing RSLUM assembly is installed between the GIM and the input of
the high~frequency channel formed by the KRR equipment. The incoming

- RSLUM assembly is installed between the output of the high-frequency
channel of the KRR-M equipment and the II/IVGI input of the local automatic
telephone office. The diagrams of the assemblies are presented in Figures
9.7 and 9.8.

Purpose of the Relays of the Outgoing Assembly. O -- ring-off relay —-
responds when the assembly is busy, holds for the entire time of the-
conversation and releases after ring-off in the direction of the long
distance telephone office;

I —- the pulse relay receives the number dialing pulses, the call and
cut~off sendings from the GIM circuit and transmits them by a signal
frequency current over the high-frequency channel;

K —-- control relay —- conneci:ed to the collector circuit of the output
stage of the PSU, receives the control signal with circular testing of the
- channel, and also the signals for establishing the connection with

respect to the end of the dialing of the number, the answering and ring-
off of the called subscriber;

V —- auxiliary relay -- operates when the assembly is busy after receiving
the monitor signal and releases after ring—off from the direction of the
long-distance office;

S -- the series relay —- responds on the first dial pulse and holds during
- the entire series of pulses. With its contacts it disconnects the
separating capacitances from the pulse circuits so that these capacitances
will not distort the shape of the pulses. It operates briefly after
establishment of the connection, creating a circuit for response of the

0S relay;

The 0S relay is the relay for completion of establishment of the conmection,
it responds after establishment of the connection to the c¢alled subscriber;

l[Translator's note: M in this abbreviation and following abbreviations
such as GIM refers to the long distance telephone office. Otherwise the
abbreviations mean the same as already defined without the M.]
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SV -- the interaction signal relay -- responds after completion of the
= establishment of the connection in the case where the called subscriber
is free;

A -- after relay -- responds when the called subscriber answers and .olds
for the entire time of the conversation until the called subscriber hangs
up the phone;

PK -- the channel damage relay ~- responds after the long distance telephone
operator dilals the first number if the channel is damaged.

Purpose of the Incoming Assembly Relays. RZ is the busy relay which
operates on receiving the control signals from the PSU of the transceiver
module, it receives the number dialing pulses, the call, cut-off and ring-
off sendings;

N -~ auxiliary relay to RZ relay -- prepares the operating circuit of the

KI relay;
KI -- pulse relay of the pulse corrector;
KS -- series relay of the pulse corrector -~ responds for the first pulse
of the KI relay and holds for the entire series of pulses formed by the
corrector;

B P —- test relay -- responds when the assembly is busy and holds until ring-

off from the direction of the long distance office;

SB -- signal relay of line b -~ receives signals over line b: completion

of establishment of connection, "subscriber busy," "subscriber free,"

"subscriber answers," ring-off from the subscriber direction and it trans-
- mits these signals to the high-frequency channel in the GIM direction;

U -- holding relay —-- operates in the initial state of the assembly,
receiving the negative from the GIM circuit over the line c;

SA -- signal relay of the line a -- receives the signal of completion of
establishment of the connection over line a in tlie case where the subscriber
is free and also the answer and ring-off signals from the subscriber
direction;

OT -- answer relay -- operates when the called subscriber answers, holds
for the entire time of the conversation, releases on ring-off both from
the subscriber direction and from the telephone operator of the long
distance office.

Initial State. In the initial state the signal frequency current is not

transmitted over the channel. When the channel of the KRR equipment is
not busy and the device of the automatic telephone office to which the
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wires a, b and ¢ of the incoming assembly are connected, is good and is

in the initial position, no relay operates in the outgoing assembly, and
in the incoming assembly the relay U operates, recelving the negative from
the II/IVGI circuit over the line c.

- 1. Positive; winding 5-1 of relay U; contact 32-31 of relay P; 12-13
- of relay N; line c of the assembly; line ¢ II/IVGI; negative.

The operating contact 11~12 of the relay U breaks the signal line, the

signal frequency current does not go to the channel and in the outgoing

assembly the relay K does not operate. The busy circuit of the outgoing

assembly over line ¢ is prepared through its quiescent contact 34-33.

The signal frequency is also not transmitted in the direction of the incom-
. ing automatic affice.

If the trunk (the channel of the KRR equipment) is damaged on the incoming
automatic office, removed from the work area or left without ring-off
II/IVGI, then the relay U in the RSLUMV assembly does not operate. The
contact 11-12 of the relay U closes the signal line, as a result of which

- the signal frequency current goes to the channel. In the RSLUMI assembly
the relay K responds and the contact 34-33 blocks the failed chanmel from
busy from the GIM direction. The contact 51-52 of the relay K closes the
signal tube circuit AS of the frame. After 1-2 minutes an individual .
signal appears of failure of the channel -- the AS tube burnms.

Busy Assembly. The outgoing assembly and the high-frequency channel are
occupied by line ¢ from the GIM direction. In the RSLUM assembly the
ring-off relay O operates which, on responding, is blocked by the contacts
31-33 and 54-55, and the contact 14-15 creates the circuit for sending the
signal frequency to the channel.

In the incoming assembly the relay RZ operates, and through its contact
34-35, the relay N. The contact 12-13 of the relay N breaks the operating
circuit of the relay U, and the contact 11-13 forms the operating circuit
of the test relay P. The latter responds and is blocked on its 60-ohm
winding. The relay U releases and the contact 11-12 forms the sending

H circuit of signal frequency in the direction of the long distance office.
- The relays K and V operate in the RSLUMI assembly.

In the busy state in the RSLUMI assembly the relays O, K and V are under
current; and in the RSLUMV, the RZ, N and P.

Number Dialing. When the number is dialed the relay I pulses in the RSLUMI
assembly. For the first dial pulse the series relay S responds and holds
to the end of the series. Its contacts 11-12 and 13-14 disconnect the
speaking line from the capacitors C, and Cg. For each response of the
relay I in the RSLUMV assembly the RZ relay releases, after which the
obtained pulses turn out to be inverted.
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The correction of the pulses and their further transmission to the
devices of the incoming automatic office take place analogously to how
this was described in item 9.2,

On completion of the establishment of connection, three cases are possible:
1) The called subscriber is free;

2) The called subscriber is busy with a local connection;

3) The called subscriber is busy with a long distance connection.

Let us consider the operation of the assemblies in the enumerated cases.

Called Subscriber Free. After completion of establishment of the connec-
tion in the RSLUMV assembly the SB relay responds, receiving the negative
over the wire b from the LIM circuit. The contact 13-14 of this relay
breaks the signal line. In the RSLUMI assembly the relay K releases, the
relay S responds, and then the relay 0S. The latter, responding, closes
its contact 54-55, through which it continues to hold after the conctact
53-54 breaks the operating circuit of the relay S. The contact 51-52 of
the relay 0S removes the shunt from the transmitting speaking channel of
the multiplexing equipment.

In the RSLUMV after response of the relay SB with delay the relay U
operates (the resistor Rg-8200 is included in parallel to its winding).
The operating contacts 11-12 of the relay SB and 51-52 of the relay U
create the operating circuit of the relay SA which receives a positive
over the line a from the LIM circuit. The relay SA, responding, is blocked
in the local circuit through its contact 51-~53. The contact 54-55 of the
relay SA closes the signal line in the high-frequency channel, and in the
RSLUMI the relay K responds, through the contact of which 54~55 of the
operating circuit of the relay SB is formed., The latter responds and
is blocked. As a result of simultaneous operation of the relays 0S -and
SV, the polarity on the subscriber line changes: the winding of the
relay I with positive is connected to line a, and with negative to line b.
_ With this polarity on the long distance switchboard the ring-off light of
the cord burns signalling the operator that the subscriber is free. The
operator sends the ring-off,

_ Called Subscriber Is Busy with a Local Connection. In this case in the
incoming RSLUM assembly the relays SB and U respond, and relay SA does

not operate, for the positive of the battery from the LIM circuit is not
fed over the line a. The contacts 13-14 of the relay SB and 11-12 of relay
U break the signal line and the positive feed to the static relay of the
channel is stopped. 1In the outgoing RSLUM assembly, the relay K releases,
the relays S and OS respond. The contact 54-53 of the relay 0S breaks

the operating circuit of the relay S, which releases. The winding of the

- relay I with battery negative is connected to the line b, and the line a

127

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

is insulated, for the relay SV does not respond in case the called
subscriber is busy, and its contact 13-14 remains open.

With this polarity on the lines in the IGIM direction on the long distance
switchboard the ring-off light of the cord blinks. The telephone operator,
receiving the signal that the subscriber is busy with a local connection,
- connects to the talking subscriber (by contact 51-52 of the relay OS the
shunt is picked up from the transmitting channel, and the subscriber
- hears the telephone operator), warning the required subscriber of the forth-
coming long distance call, and if he agrees, "through clearing" takes
place by pressing the through clearing button. In the RSLUMI assembly the
relay I responds, receiving the positive over the line b from the GIM cir-
cuit. Through the operating contact 31-32 of relay I a positive is fed to
the pulse relay P located in the frame signal plate. The pulse relay
responds, and by its contacts it sends a pulsating positive to the static
relay. In the incoming RSLUM assembly the relays RZ and KI pulsate, the
relay KS responds and by the contact 51-52 feeds the positive of the battery
to the line b in the LIM. The relay SB in this case holds in the local
circuit. The LIM circuit is switched so that the called subscriber is
freed of the local connection and is held for the upcoming long distance
connection.

If the subscriber hangs up after through clearing the operator rings him.

_ In this case in the RSLUMI assembly, a negative goes over the line a from

- GIM, the relay I responds which by its contact 31-32 triggers the general

= frame pulse relay in the signal plate. In the RSLUMV assembly the relays

_ RZ and KI pulsate, and to the completion of each sending the relay KS holds,
through the operating contacts of which the battery negative is fed over
the line a to the LIM, The LIM circuit provides for sending an inductor
current to the subscriber telephone,

When the subscriber answers, the SB relay is released in the RSLUMV, for
the battery negative feed stops over the line b from the LIM. The contact
11-12 of the relay SB breaks the operating circuit of the relay SA. The
latter, on being released, breaks the signal line to the high-frequency
channel.

In the RSLUMI assembly the relay K releases and the relay A responds.

- The polarity is picked up from the lines a and b. On the long distance
switchboard the ring-off light of the cord pair lights. The contact 33-34
of the relay A picks up the shunt from the transmitting speaking channel,
and the contact 13-14 breaks the signal line.

The relays RZ and N release in the RSLUMV circuit, but in the time of
delayed release of the relay N, the relay OT responds, through the contact
of which the relays U and P continue to hold.
During the conversation of the subscribers, the relays 0, V, A, 0S, SV
operate in the RSLUMI, and the relays U, OT, P operate in the RSLUMV.
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- The sequence of processes occurring during the ring-off in the RSLUMI
and the RSLUMV assemblies is the same as for the RSLUI and the RSLUV
assemblies, and it is not considered here.

If the subscriber is busy with a long distance connection, the assemblies
operate analogously to the case of busy with a local connection, but in
addition to this a busy signal is sent from the LIM circuit.

9.4, Signal Plate of the RSLU-RSLUM Frame

Purpose of the Relay. The signal plate (Fig 9.9) contains the following
relays:

AS -- the signal relay -- operates on signalling from the outgoing assembly
of failure of the high-frequency channel, failure of the group selector

at the opposite automatic oifice, delay of ring-off from the direction of
the calling subscriber;

PS -- signal relay -- operates when the frame protector burns out;
PP -- signal relay -- operates when the individual protector burms out;

N and K -- time delay relays -- operate at the beginning and at the end of
the time interval required for the appearance of a damaged signal on the
frame, respectively;

Bl —- blocking relay for operation of the assembly -- responds when the
plug is stuck in the test socket Isp. Gnj of the RSLUI assembly;

P -- pulse relay -- sends current pulses over the high-frequency signal
channel to the incoming assembly for "cut-off.”

Signalling Burnout of the Protectors. When the frame protector ‘burns out
the relay PS responds by both windings, receiving positive at the location
of the short circuit and negative through the good frame protector.
Responding, the relay PS is blocked by its contact 33-34, receiving the

, positive independently from the initial circuit. The contact 51-52 of
the relay PS closes the row, section and group signal circuits and the
PS tubes on the RSLU frame.

- When the individual protector burns out on the frame of the outgoing
assemblies the signal contact of the protector Pr closes the operating
circuit of the relay PP. The contacts of the relay PP create the circuits -

for the row, section, group signalling and the tube PP on the RSLU
frame.
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Figure 9.9. Signal plate of the RSLU-RSLUM frame z
Key:
1. Signal system of RSLU-RSLUM frame
2. busy signal
N 3. Start
- 4, Gn. pit [power plug] 11. 60 volts
5. PS 12, Gl. Pr
6. Gn. Zum. 13. Kl. PS -
7. Kl. zum
8. PS
9. PP
10. AS
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Signalling Failure of the High-Frequency Channel or the II/IVGI Device

at the Opposite Automatic Office. On failure of the high-frequency channel
in the forward or return direction, absence or failure of II/IVGI at the
counter automatic office, the signal frequency current is not transmitted
to the outgoing automatic office. 1In the RSLUI assembly a positive appears

on the AS line, as a result of which the relay AS in the signal plate
responds,

1. Positive along the line AS from the RSLUI assembly; winding 2-1 of
the relay AS; negative,

The contact 31-32 of the relay AS prepares the operating circuit of the
relay N from the negative pulse of the l-minute breaker 1':

2, Positive; contact 32-31 of the relay K; 32-31 of the relay AS;

14-13 of the relay N; winding 2-1 of the relay N; then the negative through
the breaker of the SVU,

The relay N, responding, holds by the second winding through its contact
11-12 independently of the breaker. The contact 51-52 of the relay N
connects the winding of the relay K to the wire over which the positive
is fed also from the l-minute breaker +1' from the SVU. On expiration of
another minute, when a positive appears on the wire +1', the relay K
responds by the circuit:

3. Positive through the one-minute breaker; contact 51-52 of the relay N;
winding of the relay K-2000; negative.

By the contact 32-31 the relay K removes the shunt from the holding wind-
ing, and by the contacts 11-12 and 51-52 closes the circuits of the row or
sectional signalling. On the frame the light AS burns. For discovery of

the independent channel it is necessary to press the button AS on the

frame. The button contacts connect the low-resistance winding AS-15 parallel

to the winding of the relay AS5-2000, and the individual light of the assembly
burns.

The light AS burns on the frame of the outgoing RSLU even in the case where
the individual protector burns out on the incoming side of the channel

(in the RSLUV assembly). Then when the outgoing assembly is busy the
signal frequency current goes in the forward direction. In the incoming
assembly the relay RZ responds connected through the PSU of the channel.
The relay N cannot respond as a result of absence of the protector. As a
result, the signal frequency current does not g0 in the opposite direction.
For the first dial pulse, positive appears on the AS line in the outgoing
assembly. Further operation of the relay of the signal plate takes place
analogously to what was described above.

Sending of Current Pulses over the High~Frequency Signal Channel to the
Incoming Assembly. When the long distance telephone operator presses the
"ring" button, the pulse relay P responds in the signal plate according to
the following circuit:
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4. The positive from the outgoing assembly; the start P line; contact
14-13 of the relay P; winding 4-5; negative.

The relay P breaks the line to the high-frequency signal channel by the
contact 53-54, the sending of the signal frequency current in the forward
direction is stopped, and the relay RZ is released in the incoming assembly.

The relay P, responding, is deenergized by its contact 13-14, and by the
contact 53-54 closes the signal wire to the channel.

In the RSLUVM assembly the relay RZ responds. The quiescent contact 13-14
of the relay P again restores its operating circuit, and the process is
repeated again.

Thus, the current pulses are sent through the contacts of the pulse relay

to the incoming RSLUMV assembly during the entire time until the button is
pressed on the long distance switchboard. As a result, the battery positive
is fed over the line b in the LIM direction, the circuitry of which in this
case insures "through clearing" of one subscriber and holding of the
connection to the line of the subscriber required for the long distance

- conversation.

9.5. RSLU ATSKlRelay Assemblies

The RSLUI and the RSLUV ATSK relay assemblies are designed for matching the
multiplexing equipment with the equipment of the crossbar system.

The diagrams of the assemblies are presented in Figures 9.10 and 9.11.

The input of the outgoing RSLU assembly is connected to the field of the

GI stage or to the connecting assembly, and the output of the assembly is
connected to the multiplexing equipment. For connection to the GI field the
assembly has seven lines: a, b, e, f —- speaking; d —— busy linej ¢ -~

line marking disconnection of the differential system; k -~ test line. The
assembly is connected to the multiplexing equipment by six lines: of them
four are speaking, and there are one each for transmitting and receiving

the control and interaction signals.

_ The incoming assembly is connected to the multiplexing equipment analogously
and it is connected directly to the vertical of the GI module (for opera-
tion of the ATSK with the ATSK) or through a connecting assembly (for
operation of the ATS-DSh 10-step system with the ATSK crossbar system).

The purpose of the lines a, b, e, f, d, c and k is the same as for the
outgoing assembly.

1Crossbar system.
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Purpose of the Relays of the Outgoing Assembly. 0 ~- ring-off relay --
responds for busy and hold until the disconnect signal;

I -~ pulse relay -- included in the lines a and b;

KI —- correct the dial pulses and transmit them over the signa line to
the high-frequency channel;

§ -- series —- responds for the first dial pulse and holds for the entire
series of pulses, disconnects the separating capacitances from the pulse
circuit;

K -- receiving relay —- receives the control and interaction signals
over the signal line from the multiplexing equipment;

V -- auxiliary relay to the O relay -- operates after obtaining the signal
frequency for busy incoming assembly, drops after ring-off from the
calling subscriber side;

A -- answer relay -~ operates if there is an answer, releases on ring-off
from the direction of the calied subscriber, insures switching of the
pulse of the wires a and b in the direction of the automatic office for
transmitting interaction signals;

PK -- blocking relay of the assembly in case of damage to the channel and
auxiliary to the relay V, holds until the called subscriber answers;

SV -- signal relay -- receives the ring-off signal from the direction of
the calling subscriber and transmits it over the signal line to the high-
frequency channel;

DS -- relay for disconnecting the differential system -~ responds when
establishing a tandem conmnection through the high-frequency channel.

Purpose of the Relays of the Incoming Assembly. O -- ring-off -- responds
when the assembly is busy and holds for the entire connection;

VO -- auxiliary relay to the relay 0;

RZ -- receiving relay -- receives the control and interaction signals
over the signal line from the multiplexing equipment;

KI -- corrects the number dialing pulses and transmits them to the subsequent
selection stage;

§ -- series -- responds on the reception of the fist dial pulse and holds
for the entire series of pulses;
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SA -- signal -- receives the answer and ring-off signals of the called
subscriber, transmits the ring-off signal of the calling subscriber;

VSA --- control relay -- operates in the initial state of the assembly by
the line k, controlling the state of repair of the GI and the marker,
releases when the assembly is busy;

DS -- relay for disconnection of the differential system -- responds when
. establishing the tandem connection through the multiplexing equipment
- channels.

- Initial State. In the RSLUI all of the relays are deenergized, and in the
RSLUV, the VSA relay under current, which indicates the state of good
repair of the GI input attached to the given assembly.

When there is damage at the incoming end, the battery positive is fed to

B the signal line in the direction of the multiplexing equipment by the
quiescent contact 14-15 of the relay VSA. In the RSLUI assembly the relay
K responds, which by its contacts breaks the control circuit over the line k,
blocking the assembly from busy and switches on the blocking signal of the

2 assembly.

Busy Assembly. The test is made on the RSLUI assembly from the GI ::age
over the line k. The free and good assembly is denoted by the presence
of a battery negative through 800 ohms with respect to the circuit:

Positive; test relay; line k of the marker of the GI stage; line to the
RSLUI assembly; contact 5-6 BKn; 13-14 of relay O; 52-53 of relay PK;
11-12 of relay K; 32-33 of relay V; R,;-800; negative.

When the RSLUI is busy, the relay O operates, receiving the battery positive
i along the line d first from the ARB circuit, then from the IShK circuit.
N The contact 14-15 of the relay O breaks the negative feed circuit to the
test line k, blocking the assembly from new busies, the contact 34-35
closes the charge circuit of the capacitor Ce (8 microfarads), and contact
54-55 provides for sending the audio frequency current to the channel.

In the RSLUV assembly the relay RZ responds which by the contact 51-53
closes the operating circuit of the ring-off relay 0. The latter, by
contact 31-33, closes the circuit for sending the signal frequency in the
opposite direction. The contact 53-54 of the relay O breaks the operating
circuit of the relay VSA, but it continues to hold by its winding 1-2

_ through the contact 13-14 of the relay O, the relay VSA, the relay RZ.

The contact 11-12 of the relay O closes the operating circuit of the relay
VO which, on responding, by the contact 34-35 makes the marker GI busy,
and the contact 51-52 and 11-12 connects the lines a and b, If the
channel is good in both directions, then in the RSLUIL the relay K responds
and by the contact 14-15 closes the operating circuit of the relay V.

The latter, by the contact 14-15, connects the speaking channel, and by
the contact 31-33, closes the operating circuit of the PK relay.
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In the busy state in the outgoing assembly the relays 0, K, V, PK are
under current, and in the incoming assembly, -VSA, RZ, 0, vo.

If the high-frequency channel is failed, then the signal frequency does

not go in the forward or return direction, and the relay K in the RSLUI
does not respond. On arrival of the first pulse of the dialed number

from the ARB (in the case where the coupling 1s realized from the crossbar
to the 10-step system) the relay I responds and includes the series relay S.
The contact 51-52 of the relay I creates the operating circuit of the

relay PK, which, on responding, is blocked by its contact 51-53. The
contacts 51-52 of the relay O and 54~55 of the relay PK connect the busy
signal to the winding 5-4 of the relay I which is induced in the line wind-
ings of this relay and is transmitted to the calling subscriber. The con-
tact 52-53 of the relay PK breaks the test circuit over the line k, and the
contact 14-15 includes the signal of failure of the channel.

After ring-off of the calling subscriber the RSLUI remains blocked from
the subsequent busies until the damage is eliminated.

B The contact 32-33 of the relay PK closes the signal frequency current
sending circuit to the channel in the forward direction. After elimination
of the damage the signal frequency is transmitted in the return direction.
In the RSLUIL the relay K responds, the blocking circuit breaks for the
relay PK which, releasing, disrupts the signal frequency sending the cir-
cuit in the forward direction, as a result of which the sending of the
signal frequency in the return direction stops. The relay K releases, and
- the assembly returns to the initial state,

If a coupling is realized between the crossbar automatic office, then the
information between the register of the outgoing automatic office and the
marker of the incoming automatic office is transmitted by frequency code
over the speaking lines, In the case of failure of the channel the register

- of the outgoing automatic office does mot receive interrogation from the
marker of the incoming automatic office about the output of the correspond-
ing digit of the number and on expiration of the time delay frees the
instruments participating in the connection. In the RSLUI assembly the
relay O is released. Through the quiescent contactsz 33-34 of the relay

B 0 and 54-53 of the relay V in the discharge circuit of the capacitor C

- (8 microfarads) the relay PK responds and is blocked by its contact 51-53.

The contact 32-33 of the relay PK closes the signal frequency sending the

circuit to the channel in the forward direction. Further operation of the

circuit takes place analogously to that described.

Dialing the Number. On connection from the ATSK to the ATS-DSh the informa-
tion is transmitted by the DC pulses over the lines a and b. Here the
relay I pulsates in the RSLUI. With the first pulse the relay S responds,

the contacts of which disconnect the separating the capacitors C4 and Cs
from the pulse relay. The resistors Rgs Rg are connected to the capacitors.
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For the first release of the relay I in the capacitor discharge circuit
Ce (8 microfarads) the correcting relay KI responds. The time this relay
is under current is determined by the discharge time of the capacitor Cg
and must be 40-45 milliseconds. This is achieved by regulating the
resistor R3-680 and varying the thickness of the stripped seal plate KI
from 0.1 to 0.3 mm. The contact 53-54 of the relay KI periodically
breaks the sending of the signal frequency current to the channel.

- In the RSLUV the RZ relay pulsates., When it first releases the capacitor
_ Cy is charged (8 microfarads). On subsequent response of the RZ relay
in the discharge circuit of the capacitor Cy the relay KI responds. The
time the relay KI is under current is determined by the discharge time of
the capacitor C; and must be 40-45 milliseconds. This is achieved by
regulating the resistor Rg-680 and varying the thickness of the stripped
seal plate of the relay KI. The relay KI, responding, closes the operating
circuit of the series relay S by the contact 32-33, which holds for the
entire series of pulses. At the time of dropping of the KI relay the
relay S holds through the contact 31-32 of the relay RZ and its contact
32-33. Through the quiescent contacts 51-52 and 53-54 the relay KI the
corrected pulses are transmitted to the 10-step system devices.

On completion of dialing the relay S releases, and the relay RZ responds
for a prolonged time. The ringing goes from the LI to the subscriber.

- If the trunks are formed by two like ATSK, then the information about the
, dialed number is transmitted over the speaking lines by frequency code.
The pulsed relay does not operate in this case. After completion of
establishment of the connection the subscriber receives the ringing signal
- from the circuitry of the incoming trunk outlet VShK.

Subscriber Answers. When the called subscriber answers as a result of
- pole switching of the lines in the LI to the line a of the RSLUV the
battery positive is fed. The relay ON responds and by the contact 51-52
opens the signal frequency sending circuit in the direction of the out-
going automatic office, by the contact 11-12 closes the operating circuit
of the winding 1~2 of SA and the blocking circuit of winding 1-2 of relay
ON until the relay SA responds.

In the RSLUI the relay K releases, but the relay V continues to hold the
armature through its contact 34-35 in series with the relay A, In this
circuit the relay A responds and by the contact 31-33 shunts the winding
4~5 of the relay PK which responds with delay. For the time of the
delayed release of the relay PK the pure positive feed goes to the line a
through the contact 1313 of the relay PK, and after release of this relay
the positive feed is through the winding 1-2 of the relay SV. The
contact 11-12 of the relay A breaks the signal frequency sending circuit
in the forward direction, as a result of which the relay RZ releases in
the RSLUV, and then the VSA relay.

138

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050060-8

FOR OFFICIAL USE ONLY

During the conversation in the RSLUI the relays O, V, A are under current,
and in the RSLUV, the relays 0, VO, SA.

Ring-off of the Calling Subscriber Direction. If the calling subscriber
gives the ring-off first, then the battery negative is fed to the line a
from the direction of the outgoing automatic office. In the RSLUI the
relay SV responds, the contacts of which close the signal frequency sending
circuit. As a result, the called subscriber receives the "busy" signal
from the LI or the VShK circuit.

After ring-off of the called subscriber, the relay SA releases in the RSLUV,
the relay SB responds which closes the signal frequency sending circuit in
the opposite direction. The contact 14-15 of the relay SA creates the
operating circuit of the relay VSA,

In the RSLUI the relay K responds which breaks the operating circuit of

the relay A. The contact 14-15 of the relay A picks up the battery positive
from the line a, as a result of which the preceding cord instruments are
freed, and the contact 32-33 restores the operating circuit of the PK

relay. In the RSLUI, the relay O also releases, then the relay V with

delay and the operating circuit of the relay PK is broken. The contact
54-53 of the relay O breaks the signal frequency feed to the channel in

the forward direction; in the RSLUV the relays RZ, SB, 0, VO, VSA release.
After freeing the GI, the operating circuit of the relay VSA is restored.
The contact 14-15 of this relay stops the signal frequency sending to the
channel in the return direction. In the RSLUI, K releases, and the assembly
is ready for a new busy.

Ring-off from the Direction of the Called Subscriber. If the called
subscriber rings off first, then in the LI or VShK the positive is picked
up from the line a, and the negative is fed to the line b. In RSLUV the
relay SA releases, and the relay SB responds., Through the contact 13-12
of the relay SA and 11-12 of the relay SB the signal frequency sending
circuit in the return direction is created.

In the RSLUI, K responds and by the contact 13-14 breaks the operating
circuit of the relay A. The relay A releases and by the contact 11-12
closes the signal frequency feed circuit to the channel; by the contact
32-33 the operating circuit of the relay PK is restored, and by the
contact 54-53 and 13-14 the windings of the relay I are connected to the
lines a and b. Simultaneously the "busy" signal is sent in the direction
of the calling subscriber from the VShK or IGI. In the RSLUV the relay
RZ responds, and then VSA.

After ring-off of the calling subscriber and release of the preceding
cord devices, the line d is broken. In the RSLUI the relay O releases,
then with delay V, and the operating circuit of the relay PK is broken.
After releasing of the relay 0, the signal frequency feed to the
channel is stopped. In the RSLUV the relay RZ releases, then 0, VO, VSA,
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and SB. The contacts of the relay VO break the GI holding circuit. After
the release of the GI the relay VSA again responds, which breaks the
signal frequency sending circuit in the return direction. In the RSLIU
the relay K releases, and the assembly returns to the initial state.

Tandem Connection Over the High-Frequency Channel. If when establishing
a tandem connection the RSLUI assembly is connected through the group
selector stage to the RSLUV assembly, then a series circuit is created
in the relay assemblies over the line c in which the relay DS of the out-
going and incoming assemblies respond. In the 1ines a, b, e, £ the
contacts of these relays disconnect the differential systems of the

- assemblies, and the speaking lines with a level at the commutation point
of 3.47 decibels (0.4 nepers) are connected, that is, the four-line tandem
is created.

In order to match the ATSK equipment of the long distance cord to the
multiplexing equipment, the RSLUIM and the RSLUVM assemblies are used.
The operation of these assemblies can be considered by the circuits for
the RSLUMI and the RSLUMV and the RSLU ATSK assemblies.

- Test Questions
1. What is the purpose and what are the types of RSLU assemblies?
2. Explain the structural diagram of the RSL-DS assembly.

- 3. Explain the process of the circular checking when the high frequency
channel is busy by the circuits of the RSLU ATS-DSh.assemblies.

4, Explain the operation of the RSLU ATS-DSh assemblies when a failed
channel is busy.

5. Explain the process of transmission of the number dialing pulses
over the high-frequency channel.

6. What is the purpose and what is the operating principle of the pulse
corrector?

7. Explain the operation of the relay circuits when the called subscriber
answers and the speaking condition of the assemblies.

8. Explain the sequence of the processes occurring in the relay assemblies
if: 1) the calling subscriber rings off first; 2) the called subscriber
rings off first,

9. How do the RSLUM assemblies operate when the good and failed channels
are busy?
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10. Explain the principle of the appearance of a signal at the long
distance switchboard in cases where: the subscriber is free, busy with
a local call, busy with a long distance call,

11. Explain the operation of the assembly during ring-off after a conversa-
tion has been held.

12. Explain the operation of the relay assemblies RSLU ATSK when the
good and failed channels are busy.

13. Explain the operation of the assemblies when dialing a number.

14. Explain the operation of the relay circuit when the called subscriber
answers and the speaking condition of the assemblies.

15. Explain the principle of establishing a tandem connection of automatic
office over the high-frequency telephony channels.

COPYRIGHT: Izdatel'stvo "Svyaz'", 1973
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